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THE  EELATION  BETWEEN  THE  RAINFALL  AND 
THE  DISCHARGE  OF  SEWERS  IN  POPULOUS 
DISTRICTS.  

By  EMiii  KncHLXNG,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

The  most  important  question  which  arises  in  the  constniction  of  a 
sewerage  system  whose  function  is  also  the  removal  of  the  surface  drain- 
age, is  with  regard  to  the  amount  of  storm  water  that  will  find  its  wajr 
into  the  sewers;  and  therefore  a  brief  review  of  the  modes  of  solutiort 
adopted  in  different  places  may  be  of  interest.  The  proportion  of  rain- 
fall contemplated  to  be  admitted  into  the  sewers  varies  within  wide 
limits  and  depends  largely  upon  the  intensity  and  duration  of  the  rain, 
the  relative  impermeability  and  slope  of  the  surface,  and  the  facility 
with  which  the  storm  waters  can  be  diverted  into  suitable  natural  chan- 
nels, either  directly  from  the  roofs  and  street  gutters,  or  indirectly  by 
means  of  storm-overflows  from  the  sewers;  the  element  of  initial  cost  is 
also  of  vast  significance  in  determining  the  limits,  and,  by  being  too  nar- 
rowly considered,  frequently  leads  to  reductions  of  drainage  caj)acity 
which  must  be  supiDlemented  a  few  years  later  by  the  construction  of 
special  relief  conduits,  whose  expense  is  often  much  greater  than  the 
original  amount  saved,  together  with  accrued  interest. 
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Arguments  to  the  effect  that  a  municipality  can  better  afford  to  pay 
the  damages  caus3d  by  occasional  sewer  overflows,  than  to  pay  the  in- 
terest on  the  additional  expense  involved  by  the  provision  of  a  more 
ample  original  capacity,  are  very  common,  but  they  never  allude  to  the 
financial  value  of  the  annoyance,  the  sanitary  dangers  or  the  deprecia- 
tion of  property  which  always  follows  where  the  sewerage  is  defective. 
To  (luote  from  a  report  of  a  distinguished  American  engineer  in  regard 
to  the  improvement  of  the  sewerage  of  a  certain  large  city:  "Your  en- 
gineer has  been  aware  for  several  years  of  the  importance  of  improving 
the  sewerage  system;  and  the  frequent  complaints  of  householders  in 
certain  localities  of  the  city  have  caused  the  most  careful  investigations 
to  be  made  from  time  to  time.     The  flooding  of  basements  and  cellars 
depreciates  the  value  of  property  and  endangers  the  lives  of  those  occu- 
pying the  flooded  dwellings.     The  oflfensiveness  caused  by  sewage  flood- 
ing drives  away  tenants.     The  damage  done  to  property  cannot  be  esti- 
mated by  the  soiled  goods  and  injured  walls,  but  must  be  measured  by 
the  permanent  prejudice  created  against  the  locality. "    These  words  are 
likewise  apphcable  to  many  other  cities  than  the  one  referred  to,  and 
3ience,  before  accepting  the  cogent  arguments  which  appeal  only  to  the 
economical  instinct,  a  careful  analysis  of  the  problem  with  special  refer- 
ence to  probable  future  conditions  should  be  made,  even  though  it  be 
attended  with  many  complications  and  difficulties. 

In  the  absence  of  deflnite  experiments  of  their  own,  our  American 
engineers  have  generally  based  their  practice  of  sewerage  upon  the 
results  of  certain  gaugings  of  the  storm-discharge  of  a  few  sewers  in 
London,  which  were  made  many  years  ago,  and  while  the  subject  was 
still  in  its  infancy.     For  some  unaccountable  reason,  the  details  of  thes3 
gaugings  have  not  been  published;  and  in  reading  the  meager  descrip- 
tions which  are  sometimes  quoted,  one  is  often  at  a  loss  to  know  whether 
the   percentage  of  the   rainfall  so  discharged  refers  to  the  maximum, 
or  to  the  average  for  the  entire  period.     The  familiar  case  of  the  Savoy 
Street  sewer,  w^hich  is  alleged  to  have  given  on  June  20th,  1857,  from 
an  unusually  heavy  rainfall  for  London  of  1  inch  in  one  and  one-fourth 
hours,  a  maximum  flow  of  0.34  cubic  feet  per  acre  per  second,  while  the 
sewers  of  several  adjacent  and  similar  districts  yielded  only  from  one- 
fourth  to  one-seventh  of  this  amount,  is  one  of  the  few  instances  which 
are  unambiguous  in  statement;  but  as  some  of  these  gaugings  which 
were  made  by  the  London  commission  of  1857  have  been  shown  to  be 
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grossly  inaccurate,  the  scientific  value  of  the  -svliole  series  is  greatly  im- 
paired. Two  different  gaugings  by  Mr.  Bazalgette,  of  tlie  Savoy  Street 
and  Ratcliffe  Highway  sewers,  for  rainfalls  of  2.90  inches  iu  thirty-six 
hours  and  twenty-five  hours  resiiectively,  refer  specifically  to  the  aggre- 
gate volume  of  rainfall  discharged  during  said  periods,  and  not  to  the 
maximum  rate  of  discharge  at  any  instant,  the  percentage  so  computed 
being  given  at  G4.5  and  52.0  respectively.  From  these  and  a  few  other 
results,  the  distinguished  engineers,  Messrs.  Bidder,  Hawksley  and 
Bazalgette,  felt  "warranted  in  concluding,  as  a  rule  of  averages,  that 
0.25  inch  of  rainfall  will  not  contribute  more  than  0.125  inch  to  the 
sewers,  and  that  a  fall  of  0.10  inch  will  not  yield  more^than  0.25  inch  to 
the  sewer."  The  two  rainfalls  mentioned  are  referred  to  as  "the 
heaviest  and  most  continued  of  the  year  1857,"  and  the^two  sewers  are 
in  the  most  densely  populated  portion  of  the  city,  the'former  "draining 
a  locality  strictly  urban  and  of  steep  inclination,"  while  the  latter  serves 
a  "locality  only  moderately  inclined."  In  the  discussion  of  the  Main 
Drainage  of  London,  at  a  meeting  of  the  Institution  of  Civil  Engineers 
in  1865,  Colonel  William  Haywood,  the  engineer  to  the  sewer  commis- 
sioners of  that  part  of  London  called  "The  City,"  stated  that  in  1857, 
with  a  rainfall  of  2.75  inches  in  thirty-six  hours,  the  London  Bridge 
sewer  discharged  53  per  cent,  of  said  fall  in  the  same  time,  and  in  1858, 
with  a  rainfall  of  0.24  inches  in  1.5  hours,  the  same  sewer  discharged 
74  i>er  cent,  of  the  fall;  also  that  in  June,  1858,  "the  Irongate  sewer, 
■which  drains  an  area  entirely  paved  and  built  over,  discharged  as  much 
as  9i.5  per  cent,  of  a  rain  storm  of  0.54  inch  in  five  hours,"  while  two 
months  later  the  same  sewer  "discharged  only  78  per  cent,  of  a  rain- 
fall of  0.48  inch  in  1.67  hours."  Presumably  these  figures  are  the 
maximum  percentages  observed  on  these  occasions,  although  nothing 
further  than  their  extraordinary  magnitude  warrants  such  a  conclusion, 
if  the  rainfall  happened  to  be  uniform  in  intensity.  None  of  the  reports, 
however,  give  any  clue  as  to  the  character  of  the  rainfall,  the  manner  in 
which  it  was  observed,  or  the  location  of  the  gauge,  and  hence  the 
anomalies  of  measured  percentage  of  discharge  may  be  easily  explained. 
Another  familiar  English  authority  on  this  subject  is  John  Roe,  who  was 
for  many  years  surveyor  of  the  Holborn  and  Finsbury  sewers,  and 
who  stated  that  during  the  continuance  of  a  rainfall  of  1.0  inch  i^er 
hour,  from  41  to  54  per  cent,  of  the  precij)itation  will  reach  the  sewers, 
according  to  the  amount  of  garden  land  or  lawn  upon  the  drainage  area. 
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Upon  the  foregoing  indefinite  data  principally,  ^vhicli  may  l)e  found 
quoted  more  or  less  extensively  in  nearly  every  treatise  on  sewerage  and 
in  most  of  the  elaborate  reports,  engineers  have  hitherto  been  content 
to  rely;  and  it  has  thus  come  to  be  in  some  measure  traditional  that 
about  50  per  cent,  of  the  rainfall  will  run  off  from  urban  surfaces  during 
the  progress  of  the  storm,  while  the  remainder  may  follow  at  leisure. 
The  greatest  depth  of  rain  for  which  provision  should  be  made  in  plan- 
ning sewers  of  American  cities  has  likewise  been  commonly  taken  at  one 
inch  in  an  hour,  "  as  its  frequency,  when  compared  with  such  falls  as 
two  and  three  inches  in  the  same  time,  renders  its  consideration  a  more 
practical  question;  and  the  possibility  of  this  rate  of  fall  occurring  for 
shorter  intervals  of  time  is  so  apparent  from  past  observations  on  the 
sea-board  and  in  the  interior  of  the  country,  that  we  may  regard  it  as  a 
very  proper  maximum.  It  has  been  adopted  as  such  in  England,  and, 
so  far  as  we  can  learn,  also  in  this  country."* 

This  view  still  continues  to  prevail  extensively,  and  but  few  engineers 
have  ventured  to  step  outside  of  the  beaten  path.     On  this  basis,  also, 
the  sewerage  systems  of  two  large  cities,  which  have  long  enjoyed  the 
distinction  of  being  the  best  works  of  the  kind  in  the  United  States,  have 
been  designed.     It  was  considered  that,  inasmuch  as  the  English  gaug- 
ings  indicated  that  only  from  50  to  75  per  cent,  of  the  volume  of  rainfall 
ever  entered  the  sewers  at  all,  the  provision  of  a  capacity  for  discharg- 
ing a  depth  of  one-half  inch  of  rain  over  the  whole  area  uniformly  in  one 
hour  was  very  liberal,  and  would  afford  an  ample  margin  for  the  con- 
tingencies of  future  growth.     The  fact  was,  however,  soon  established, 
that  as  these  cities  grew  in  population  and  in  the  number  of  buildings 
and  improved  streets,  the  main  sewers  proved  to  be  inadequate  to  carry 
off  the  storm-water  due  to  the  heavy  showers  of  comparatively  short 
duration,  and  to  remedy  the  evils  resulting  from  deluged  cellars  in  the 
flooded  districts,  special  storm-sewers  have  been  constructed  and  addi- 
tional ones  are  contemplated  in  both  cities.     In  one  of  these  cities  an 
attempt  was  made  to  restrict  the  amount  of  water  admitted  into  the 
sewers  by  throttling  the  street  inlets  in  such  manner  as  to  compel  a  por- 
tion of  the  rainfall  to  escape  by  flow  through  the  gutters;  but  while  the 
sewers  may   thus  be  somewhat   relieved,   the  annoyance  and  damage 
caused  by  flooded  streets  is  substituted,  and  may  ultimately  become  an 

intolerable  nuisance. 

*  "  Sewers  and  Drains  for  Populous  Districts,"  by  Julius  W.  Adams,  C.  E.,  New  'Sork,  1880. 
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The  same  experiences  have  likewise  been  observed  in  a  large  number 
of  other  cities,  both  in  this  country  and  abroad,  wherever  rain  storms  of 
gi-eat  intensity  for  relatively  short  periods  of  time  are  more  or  less  fre- 
quent, and  where  the  principles  above  set  forth  have  been  adopted  in 
computing  the  size  of  main  sewers  unprovided  with  storm  outlets.  It  is 
conceded  that  in  the  majority  of  these  cases,  notably  in  the  two  cities 
named  above,  no  fault  can  be  found  with  the  execution  of  the  sewerage 
works,  and  hence  the  failure  must  be  attributed  to  the  assumptions  with 
regard  to  rainfall  upon  which  the  calculations  are  based. 

The  writer  was  long  since  impressed  with  the  fact  that  during  heavy 
showers  the  volume  of  water  discharged  at  the  mouths  of  several  large 
outlet  sewers  in  the  city  of  Rochester,  N.  Y.,  appeared  to  increase  and 
diminish  directly  with  the  intensity  of  the  rain  at  different  stages,  but 
that  a  certain  length  of  time  was  required  in  each  case  after  the  termina- 
tion of  a  brief  and  heavy  down-pour  before  the   corresponding  flood 
showed  itself  at  the  outfall;  these  floods,  moreover,  seemed  to  last  about 
as  long  as  the  said  showers  themselves,  and  the  conclusion  was  therefore 
reached  that  there  must  be  some  definite  relation  between  these  fluctu- 
ations of  discharge  and  the  intensity  of  the  rain,  also  between  the  mag- 
nitude of  the  drainage  area  and  the  time  required  for  the  floods  to  ap- 
pear and  subside.     The  observations  referred  to  were  made  casually, 
during  showers  giving  about  one-half  inch  depth  of  fall  in  from  twenty  to 
thirty  minutes,  and  the  flood  discharge  would  begin  about  ten  minutes 
after  the  commencement  of  the  rain  or  of  the  component  showers;  in 
like  manner  the  maximum  flow  would  quickly  diminish,  leaving  only  a 
very  moderate  after-flow  to  continue  for  some  time  after  the  rain  had 
ceased.     Now,  since  the  total  proportion  of  the  rainfall  which  is  carried 
ofi"  by  the  sewers  is  of  little  consequence,  whereas  the  absolute  maximum 
flow  during  any  short  period  of  time  is  manifestly  the  controlling  factor 
in  estimating  the  efiiciency  of  a  sewer;  and  since  this  maximum  appears 
to  be  governed  by  the  rate  of  the  rainfall  during  such  short  period, 
therefore  the  error   made  in  the  assumptions  mentioned  above  must  be 
due  to  the  use  of  average  rates  of  rainfall  for  an  unduly  long  period  of 
time,  and  the  neglect  of  the  rates  for  such  short  periods  within  which 
the  surface  drainage  waters  from  all  portions  of  the  area  may  be  con- 
centrated at  the  outfall.     This  error  becomes  still  more  apparent,  when 
we  reflect  that  for  a  uniform  rate  of  precipitation,  the  concentrated  dis- 
charge from  a  given  surface  will  become  a  maximum  for  the  condition 
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hat  the  duration  of  such  rate  is  equal  to  the  time  required  for  the  water 
which  falls  upon  the  most  distant  pbints  to  reach  the  place  of  observa- 
tion; or,  in  other  words,  that  the  entire  area  is  contributing  to  said  dis- 
charge; also  from  the  fact  that  the  heavy  rainfalls  in  our  latitudes  rarely 
ever  have  uniform  intensities  for  so  long  a  period  as  one  hour,  and  that 
few  densely  populated  drainage  areas  contained  within  the  municipal 
limits  are  so  large  as  to  require  more  than  from  fifteen  to  forty  minutes 
for  the  full  concentration  of  the  storm-waters  at  some  point  of  discharge. 
The  conclusion  is  accordingly  irresistible  that  the  rates  of  rainfall 
adopted  in  computing  the  dimensions  of  a  main  sewer  must  correspond 
to  the  time  required  for  the  concentration  of  the  drainage  waters  from 
the  whole  tributary  area  when  small,  or  from  so  much  thereof  as  will 
produce  an  absolute  maximum  discharge  when  the  area  is  very  large. 

In  justification  of  the  prevalent  practice,  however,  it  is  fair  to  say 
that  the  customary  methods  of  observing  the  rainfall  have  hitherto  pre- 
vented the  development  of  the  process  just  indicated,  and  have  forced 
engineers  to  the  use  of  average  rates  of  precipitation  deduced  from 
periods  of  time  scarcely  ever  less  than  one  hour  in  duration.     Thus  the 
extensively  and  frequently  quoted  collection  of  rainfall  statistics  relat- 
ing to  Providence,  R.  I.,  which  were  made  during  forty  years  by  Dr.  A. 
Caswell,   of  that  city,  and  published  in  the  excellent  report   on  the 
Sewerage  of  Providence,  by  J.  Herbert  Shedd,  M.  Am.  Soc.  C.  E.,  in 
1874,  contains  in  the  tables  giving  the  record  of  three  hundred  and 
twenty-four  storms,  whose  duration  was  carefully  observed,  only  three 
cases  where  the  rain  lasted  less  than  one  hour,  and  in  those  instances 
the  intensity  of  the  rain  did  not  exceed  1  inch  per  hour.     The  records 
were  alleged  to  cover  every  appreciable  rainfall  which  had  occurred  m 
said  city  durihg  the  interval  between  1834  and  1874,  and  were  regarded 
as  perfectly  reliable.     A  few  of  the  storms  observed  in  this  long  period 
were,  however,  so  violent  as  to  have  induced  Dr.  Caswell  to  make  special 
memoranda  concerning  them,  and  of  this  list  only  three  entries  specified 
the  maximum  rate  of  fall,  as  follows:  September  28th,  1862,  "  nearly  2 
inches  of  rain  fell  in  the  course  of  one  hour;"  August  16th,  1863,  "  very 
heavy   thunder  shower,   1.42   inches   of  rain  falling  in   about  twenty 
minutes;"  June  17th.  1870,   "  storm  lasting  five  hours,  and  giving  3.15 
inches,  nearly  all  of  which  fell  between  12  m.  and  1  p.m."     Now,  from 
these  data  the  following  condensed  tables  showing  the  relative  frequency 
of  rainfalls   of  different  intensity  per  hour  at  Providence  were   con- 
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structed  in  ISTl,  and  have  since  been  widely  copied  by  many  distin- 
guished writers  in  proof  that  great  intensities  of  rainfall  are  exceedingly 
rare  occurrences  in  our  climate. 

TABLE  A. 


Kate  of  rainfall  in 
inches,  per  hour. 

I.  Number  of  storms 
during   twenty-six 
years,  from  18;34  to 
1860. 

II.  Number  of  storms 
during     fourteen 
years,   from  1860  to 
1874. 

III.  Number  of  storms 
during    forty   years, 
from  1834  to  1874. 

0.25,  or  a  little  less.. 
0.33,  or  a  little  less.. 
0.40,  or  a  little  less.. 
0.50,  or  a  little  less.. 
0.60  toO.62 

131 

18 
9 
7 
8 
3 
3 
4 
1 
0 
1 
0 

93 
9 
2 

111 
5 
3 
2 
1 
2 
2 
2 
3 

229 
27 
U 
17 
13 

0.67  to  0.70 

6 

0.75  to  0.80 

0.87  to  0.90 

5 

1.00  tol.l2 

3 

1.20  to  1.40 

2 

1.52tol.83    

•2.00  to  3.15 

3 

3 

Totals 

185 

139 

321 

The  inferences  that  have  been  drawn  from  the  foregoing  table,  even 
long  after  it  was  discovered  that  some  of  the  main  sewers  in  Providence 
and  other  cities  had  repeatedly  proved  to  be  incapable  of  removing  the 
storm  drainage,  are  as  follows :  1.  That  out  of  three  hundred  and  twenty- 
four  large  rainfalls  in  forty  consecutive  years,  only  three  gave  rates  of  2 
inches  or  more  jDer  hour;  six  gave  rates  of  more  than  1..5  inches  per  hour, 
and  eleven  gave  rates  of  1.0  inch  or  more  per  hour;  and  2.  that  there- 
fore a  rainfall  of  2.0  inches  or  more  per  hour  can  reasonably  be  expected 
to  occur  only  once  in  thirteen  years,  while  one  of  1.5  inches  per  hour 
may  happen  once  in  about  seven  years,  and  one  of  1.0  inch  or  more  per 
hour  about  once  every  four  years.  Such  inferences  are,  however,  certainly 
unwarranted  by  the  records  derived  from  automatic  rain  gauges,  which 
indicate  that  heavy  rates  for  short  periods  of  time  are  very  common  oc- 
currences; and  it  is  needless  to  say  that  even  casual  observation  of  the 
rainfall  in  the  princiijal  cities  of  the  New  England  and  Middle  States 
prevents  the  application  of  the  aforesaid  inferences  to  intelligent  sewer- 
age work.  To  give  reasonable  assurance  that  sjjecial  storm  sewers  will 
not  be  required  in  a  district  within  a  few  years  after  the  development  of 
the  suburban  area  has  j)rogressed,  accordingly  involves  the  adoption  of 
a  much  higher  rate  of  precipitation  than  one  inch  per  hour  when  the 


8  KUICHLIXG    ON    RAINFALL   AKD    DISCHARGE    OF    SEWERS. 

time  required  for  the  concentration  of  tlie  surface  discbarge  is  much  less 
than  one  hour,  as  is  generally  the  case. 

In  order  to  guard  against  engorgements  of  the  sewers,  the  exact  dura- 
tion and  depth  of  water  of  both  the  entire  storm  and  its  variable  showers 
must  be  known,  as  it  frequently  happens  that  during  a  rainfall  which  lasts 
one  or  more  hours  without  intermission,  the  intensity  of  the  precii^ita- 
tion  will  change  greatly  from  time  to  time,  thus  causing  the  entire 
storm  to  resemble  a  series  of  hard  showers  connected  together  by  inter- 
vals of  mere  drizzle.  The  average  intensity  of  such  a  storm  is  of  com- 
paratively little  consequence  in  dealing  with  the  important  problem  of 
maximum  flow  in  sewers,  since  it  may  be  only  one-third  or  one-fourth  of 
the  rate  of  fall  w'hich  has  occurred  during  some  one  of  the  component 
hard  showers,  and  which  would  properly  govern  an  engineer  in  fixing 
the  dimensions  of  a  sewer.  Hence  when  the  records  of  a  certain  rain- 
fall do  not  show  that  the  rate  of  precipitation  has  been  practically  uni- 
form throughout  the  entire  specified  duration,  the  results  obtained  by 
gaugings  of  the  corresponding  sewer  discharge  will  be  utterly  mislead- 
ing, and  their  indiscriminate  use  may  give  rise  to  errors  of  design 
which  may  entail  serious  consequences. 

The  usual  rainfall  records  merely  give  the  total  depth  of  water  precijji- 
tated  during  certain  regular  intervals,  such  as  24,  12  or  6  hours;  another 
very  limited  class  of  records  indicate  the  approximate  duration  of  the 
showers  and  the  dej^th,  the  time  in  such  cases  being  occasionally  esti- 
mated when  the  attention  of  the  observer  at  the  beginning  or  end  of  the 
rain  has  been  diverted,by  other  matters;  while  a  third  class  of  records, 
which  are,  however,  rarely  kept  outside  of  the  most  important  meteor- 
ological stations,  give  the  rates  of  fall  at  all  times  during  the  entire  con- 
tinuance of  the  rain.  For  sewer- discharge  computations,  the  first  of 
these  three  classes  is  almost  entirely  worthless,  and  their  collection  may 
accordingly  be  considered  as  a  sheer  waste  of  time;  the  second  has  much 
value,  but  must  be  used  cautiously,  especially  when  the  rainfall  hapi^ens 
to  be  of  longer  duration  than  about  thirty  minutes;  the  third  class  is 
by  far  the  most  valuable,  and  should  be  kept  in  every  growing  city 
where  sewerage  works  exist.  The  best  method  of  securing  such  data  is 
from  a  number  of  self-recording  rain  gauges  located  in  different  parts  of 
the  municiiial  area,  since  a  heavy  shower  may  pass  over  a  city  in  such 
manner  as  to  deliver  great  quantities  of  water  in  one  section,  while 
another  portion  may  receive  only  a  light  sprinkling.     Cases  of  this  kind 
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have  frequently  been  observed  in  Kochester,  N.  Y.,  particularly  during 
the  past  year,  when  ojiportuuity  for  comiJarison  "was  afforded  by  the 
records  of  the  two  gauges  maiutained  by  the  writer,  and  those  of  the 
United  States  signal  service  and  the  city  water  works  department,  the 
four  similar  instruments  being  located  at  a  distance  of  about  one  mile 
apart.  It  is  greatly  regretted  that  none  of  these  gauges  were  of  the 
self-recording  type;  but  the  great  expense  connected  with  the  purchase 
and  maintenance  of  automatic  gauges  precluded  the  writer  from  availing 
himself  of  such  instruments,  and  as  a  consequence,  it  was  found  too 
late  that  only  a  few  of  the  many  records  thus  obtained  could  be  used 
with  reasonable  certainty. 

The  numerous  observations  and  measurements  of  the  rainfall  and 
contemporaneous  flood  discharge  of  a  number  of  large  sewers  which  are 
given  in  full  detail  below,  will  doubtless  suffice  to  point  ovit  the  necessity 
of  securing  the  rainfall  data  needed  in  the  consideration  of  the  discharge 
from  surfaces  by  means  of  automatic  and  self-registering  devices,  in- 
stead of  trusting  to  the  judgment  of  even  the  most  careful  and  well- 
trained  observers.  Many  other  similar  instances  could  be  selected  from 
the  mass  of  material  thus  obtained  in  the  course  of  the  past  year;  and 
wherever  such  experiments  are  repeated,  it  is  now  urgently  advised  to 
make  use  of  a  large  number  of  automatic  rain  gauges  scattered  about 
on  the  various  separate  drainage  basins  and  located  not  more  than  about 
1  500  feet  apart,  if  only  a  single  season  be  allowed  for  the  collection  of 
statistics.  Most  of  the  showers,  moreover,  occur  during  the  night-time, 
and  with  the  usual  appliances  the  records  for  such  cannot  be  secured 
unless  two  sets  of  observers  are  employed.  Measures  should  also  be 
taken  to  cause  every  Signal  Service  station  in  the  cities  of  our  country 
to  be  equipped  with  the  best  automatic  gauges,  and  to  have  the  results 
thus  obtained 'carefully  tabulated,  in  order  that  communities  may  be 
spared  the  great  outlay  of  soon  reconstructing  S9wers  whose  dimensions 
were  based  upon  the  deceptive  records  of  rainfall  as  heretofore  kej^t. 

That  the  subject  is  already  beginning  to  receive  some  recognition. 
is  shown  by  the  recent  publication  of  the, data  derived  from  the  self- 
registering  rain  gauge  at  "Washington,  D.  C,  in  response  to  a  request 
from  the  superintendent  of  sewers  of  that  city;  and,  as  the  information 
thus  elicited  serves  to  indicate  the  striking  diflferences  in  the  rate  or 
intensity  of  the  rainfall  during  the  progress  of  a  heavy  storm,  the  fol  - 
lowing  quotations  from  the  circular  of  the  Chief  Signal  Officer,  issued 
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about  one  year  ago,  may  be  of  interest:  "  The  observations  (referring 
only  to  Washington)  cover  a  period  of  seventeen  years,  from  January, 
1871,  to  December,  1887,  in  which  time  rain  or  melted  snow  has  been 
recorded  1  543  times.  The  rainfalls  exceeding  1  inch  in  depth  number 
192,  of  which  37  yielded  2  inches  and  upwards  in  depth  for  the  entire 
dumtion  of  the  storm.  Precipitation  exceeding  2  inches  occurred 
•four  times  in  August  and  six  times  each  in  June,  July,  September  and 
October,  while  they  were  rare  in  other  months,  and  never  happened  in 
February.  The  heaviest  fall  from  a  single  storm  was  5.80  inches  in 
nineteen  hours  on  July  29th  and  30th,  1878.  Of  equal  and  perhaps 
greater  importance  than  the  amount  recorded  during  a  single  storm  is 
the  rate  which  falls  in  any  single  hour.  Assuming  that  a  less  rate  than 
1  inch  per  hour  is  not  especially  important,  examination  was  confined 
to  those  cases  in  which  the  rate  was  greater.  Sixteen  such  cases  have 
occurred,  as  shown  in  the  following  table: 

TABLE  B. 


July  3d,  1871 

July  18th,  1871 

September  25th,  1872. 

August  18th,  1875 

August  29th,  1875 

October  iSd,  1875 

June  22d,  1877 

July  28th,  1877 

July  29th,  1877 

October  4th,  1877 

July  2d,  1884 

November  24th,  1881  . 

July  26th.  1885 , 

October  29th,  1885.... 

June  24th,  1886 

July  26th.  1886 


Time. 


Amount    in 
Inches. 


1.13 
0.83 
1.50 
1.20 
1.30 
1.40 
1.08 
1.20 
1.42 
1.49 
1.12 
1.00 
0.96 
1.20 
1.10 
1.80 


!3      a 
K     iS 


0     30 
0     20 


00 
00 
00 
00 
00 
00 


0     26 


0  06 

1  00 
1  00 
1  00 


Average    Bate    of 

Fall  per  hour. 

Inches. 


Maximum  Bate  of 
Fall  per  hour  at 
any  time. 
Inches. 


2.26 
2.49 
1.50 
1.20 
1.30 
1.40 
1.08 
1.20 
3.2t 
1.49 
1.12 
1.00 
9.60 
1.20 
1.10 
1.80 


2.26 
2.49 
8.00 
2.40 
1.30 
2.50 
2.00 
3.00 
3.24 
6.00 
3. CO 
2.00 
9.60 
2  40 
3.00 
6.00 


Thus  it  appears  that  on  two  occasions  1.50  inches  fell  in  one  hour, 
and  on  one  occasion  1.80  inches  fell  in  the  same  time;  but  it  will  be 
seen  that  in  all  of  these  three  cases,  the  maximum  rate  was  far  in  excess 
of  the  average  rate,  the  table  showing  that  for  short  periods  of  time  the 
rain  then  fell  at  rates  of  8  inches  and  6  inches  per  hour.     The  greatest 
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rate  recorded,  however,  -was  tlie  extraordinary  one  of  9.60  inches  per 
hour,  which  fell  on  July  26th,  1885,  but  lasted  only  six  minutes." 

It  may  be  remarked  that  for  the  purpose  of  determining  the  percent- 
age of  rainfall  discharged  from  urban  surfaces,  the  maximum  rates  of 
precipitation  for  values  less  than  1  inch  are  also  of  much  importance, 
as  the  difference  in  such  percentages  for  various  rates  of  fall  may  there- 
by be  ascertained.  The  exact  duration  c^f  the  maximum  rates,  moreover, 
should  likewise  be  carefully  tabulated,  since  in  small  districts  the  sur- 
face drainage  may  perhaps  be  fully  concentrated  before  the  heaviest 
portion  of  the  shower  has  ended,  in  which  event  the  corresponding 
rate  must  be  used  in  comiiuting  the  said  percentage.  Concerning  the 
latter,  it  is  reasonable  to  suppose  that  the  same  should  vary  in  some  de- 
gree both  with  the  intensity  of  the  rainfall  and  its  duration,  in  all  cases 
where  this  time  is  equal  to  or  exceeds  the  period  required  for  the  drain- 
age from  the  most  distant  points  of  the  area  to  reach  the  point  ot  obser- 
vation in  the  sewer.  Thus  the  percentage  of  discharge  from  a  given 
district  due  to  a  uniform  rate  of  1.0  inch  should  be  somewhat  greater 
than  that  derived  from  a  similar  rate  of  0.5  inch  in  the  same  length  of 
time,  and  it  should  also  increase  with  the  duration  of  the  rain  when 
falling  uniformly.  So  far  as  can  be  learned,  no  successful  attemjat  has 
yet  been  made  to  compute  these  differences  in  rates  of  discharge,  which 
are  of  so  much  importance  in  works  of  municipal  sewerage  or  drainage, 
and  it  is  a  source  of  much  regret  to  the  writer  that  the  lack  of  the  said 
data  prevented  an  examination  of  this  nature  in  connection  with  his 
work  during  the  past  year. 

In  a  paper  on  the  maximum  rates  of  rainfall  by  Desmond  Fitz  Ger- 
ald, M.  Am.  Soc.  C.  E.,  of  the  Boston  water  works,  printed  in  Engineer- 
ing yeu-s  of  May  31st,  1881,  the  author  refers  to  some  of  the  heaviest  rain- 
falls which  occurred  in  the  vicinity  of  Boston  for  a  series  of  years.  The 
most  noteworthy  of  these  is  the  storm  of  August  16th,  17th,  18th  and  19th, 
1879,  which  yielded  a  total  depth  of  6.23  inches,  and  of  this  amount  3.43 
inches  fell  in  10^  hours  on  the  18th,  the  maximum  being  at  the  rate  of 
about  1.0  inch  i^er  hour.  The  greatest  intensity  of  rainfall  observed  was 
recorded  July  20th,  1880,  when  0.75  inch  fell  in  thirteen  minutes  and  1.17 
inches  in  thirty  minutes,  thus  giving  rates  of  3.46  and  2.34  inches  per 
hour  respectively.  Maximum  intensities  ranging  from  1.5  to  2.0  inches 
per  hour  and  lasting  from  eight  to  forty -five  minutes  seem  to  be  usual 
attendants  upon  nearly  all  the  storms  whose  diagrams  are  exhibited; 
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.aad  as  such  durations  will  generally  admit  of  the  concentration  of  the 
drainage  from  smaJ.1  urban  districts,  the  importance  of  providing  for 
such  falls  will  at  once  be  recognized. 

While  the  imperfect  rain  records  for  Rochester  and  the  surrounding 
"territory  do  not  indicate  that  intensities  of  more  than  1.5  inches  per 
hour  are  of  frequent  occurrence,  yet  it  is  barely  possible  that  greater 
rates  Avould  be  discovered  if  self-registering  gauges  were  used.  It  may, 
therefore,  be  of  interest  to  note  a  few  more  of  the  heavy  rains  which 
have  been  observed  at  other  places.  At  St.  Louis,  the  following  were 
recorded  in  1884:  5.05  inches  in  H  hours,  5.22  inches  in  three  hours, 
■6.17  inches  in  five  hours,  and  7.55  inches  in  twenty-nine  hours;  at 
Providence,  R.  I.,  4.49  inches  fell  in  one  hour  on  August  6th,  1878,  of 
which  amount  3.50  inches  came  in  thirty-six  minutes,  thus  giving  a  rate 
of  5.85  inches  per  hour;  and  on  August  13fch,  1888,  a  storm  occurred  which 
gave  3.10  inches  in  eight  hours,  the  maximum  intensity  being  3.75  inches 
per  hour;  at  Leland,  Miss.,  a  rainfall  of  11.5  inches  occurred  on  August 
15th,  1888,  and  was  followed  on  the  next  day  by  one  of  9  inches;  at  Wal- 
tham,  Mass.,  5.63  inches  in  three  hours  was  recorded  on  August  21st, 
1860;  during  a  heavy  storm  over  eastern  Connecticut  in  August,  1874,  a 
depth  of  12  inches  of  water  fell  in  forty-eight  hours,  and  5  inches  in 
iour  hours;  another  great  storm  in  Connecticut,  and  which  extended 
over  the  New  England  States  generally,  occurred  on  October  3d  and  4th, 
1869,  when  the  followiag  depths  were  recorded  at  different  localities 
within  about  thirty  hours:  8.43  inches  at  Hartford,  8.44  inches  at  Cole- 
brook,  9.37  inches  at  Middletown,  and  12.35  inches  at  Canton,  the  great- 
■est  rate  then  recorded  being  4  inches  in  two  hours.  The  continuous 
raia  in  New  England  on  February  10th  to  14th,  1886,  however,  surpassed 
mo3t  of  the  previous  ones  in  both  intensity  and  duration,  as  well  as  dis- 
astrous consequences.  From  the  accounts  of  this  storm  given  by  Pro- 
fessor W.  Upton,  in  Volume  VII  of  Science,  and  by  the  commission 
of  engineers  consisting  of  James  B.  Francis,  Eliot  C.  Clarke  and  Clem- 
ens Hersehel,  in  their  rei^ort  to  the  city  of  Boston  on  the  prevention  of 
floods  in  the  Valley  of  Stony  Brook,  it  seems  that  the  greatest  fall  oc- 
curred on  the  12th,  when  6.66  inches  fell  in  twenty-four  hours  at  New 
London  and  a  total  of  8.93  inches  in  fifty-eight  and  one-half  hours;  the 
same  storm  also  yielded  the  following  depths  at  other  cities:  3.41  inches 
in  forty-nine  and  one-half  hoars,  with  2.99  inches  in  twenty -four  hours 
at  New  York;  8.13  inches  in  seventy  and  one-half  hours,  with  5.65  in 
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twenty-four  hours  at  Providence;  5.62  inches  in  fifty-five  hours,  with 
4.45  in  twenty-four  hours  at  Boston,  and  4.78  inches  in  seventy-seven 
hours,  with  3.30  in  twenty-four  hours  at  Newburyport. 

With  regard  to  tlie  extent  of  territory  that  may  he  covered  by  a 
heavy  shower  at  any  instant  of  time,  observations  show  exceedingly  wide 
variations.  The  storm  area  in  our  latitude  is  commonly  several  hundred 
miles  in  diameter,  and  occasionally  exceeds  two  thousand  miles  in 
diameter,  but  the  rain  area  is  usually  very  much  lesp,  especially  in  the 
case  of  sharp  thunder  storms,  where  sometimes  only  a  few  square  miles 
of  the  earth's  surface  are  covered  by  the  rain  cloud.  The  writer  has  fre- 
quently noticed  both  the  passage  and  the  approach  of  such  discharging 
clouds,  and  estimates  that  for  a  j)recipitation  lasting  about  15  minutep, 
the  least  area  covered  by  the  densest  portion  of  the  rain,  as  viewed  from 
a  distance,  is  about  4  miles  in  length  and  1^  miles  in  width,  thus  giving 
an  area  of  about  6  square  miles.  For  shorter  durations  the  area  may  be 
correspondingly  smaller;  but  in  general,  the  clouds  which  furnish  rain- 
falls that  greatly  concern  the  capacity  of  sewers  are  considerably  larger 
in  extent  than  any  single  drainage  area  within  ordinary  municipal  limits. 
On  the  other  hand,  to  point  out  how  great  an  area  may  be  covered  by  a 
single  storm,  the  following  data  given  by  James  B.  Francis,  M.  Am.  Soc. 
C.  E. ,  and  Professor  W.  Upton  may  be  cited :  For  the  storm  of  October 
3d  and  4th,  1869,  the  area  on  which  8  inches  or  more  fell  had  a  length  of 
65  miles,  with  an  average  width  of  28  miles;  the  area  on  which  9  inches  or 
more  fell  was  about  50  miles  long  by  21  miles  wide;  the  area  on  which  10 
inches  or  more  fell  was  about  thirty-four  miles  long  by  15  miles  wide; 
and  the  area  on  which  11  inches  or  more  fell  had  a  length  of  about  20 
miles,  with  an  average  Avidth  of  9  miles;  similarly,  for  the  storm  of 
February  10th  to  14th,  1886,  the  area  on  which  over  8  inches  of  water  fell 
was  750  square  miles;  that  on  which  from  6  inches  to  7  inches  fell  was 

1  500  square  miles;  and  that  on  which  from  4  inches  to  5  inches  fell  was 

2  750  square  miles.  These  areas  were  computed  by  plotting  the  observed 
depths  of  rain-fall  at  difierent  places  on  the  same  day  upon  a  map,  and 
then  drawing  the  contours  showing  the  lines  of  equal  depth;  from  the 
map  thus  prepared  the  required  areas  may  then  be  easily  determined. 

Numerous  other  instances  of  severe  rainfall  might  be  cited;  but  the 
foregoing  will  doubtless  suffice  to  exhibit  not  only  the  exceedingly  vari- 
able character  of  the  rate  and  duration  of  heavy  storms,  but  also  the 
necessity  of  carefully  studying  the   data   afforded   by  each  particular 
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locality.  As  already  stated,  to  secure  a  reliable  estimate  of  the  amount 
and  rate  of  i^reciiiitation  iu  Rochester,  simultaneously  with  gaugings  of 
the  maximum  flood-discharge  of  all  the  principal  outlet  sewers  in  the 
eastern  portion  of  the  city,  two  ordinary  rain  gauges  of  special  design 
and  carefully  rated  were  procured  and  maintained  for  the  past  year  by 
the  writer,  and  placed  in  charge  of  thoroughly  competent  observers. 
Between  the  sites  of  these  gauges  at  two  j)oints  on  the  west  and  east 
sides  of  the  city,  the  United  States  Signal  Service  station  is  located, 
while  the  rain  gauge  maintained  by  the  Water  Dejiartmeat  of  the  city 
is  situated  about  1^  miles  to  the  south.  Four  observations  of  the  same 
rain  at  as  many  different  points  thus  afforded  the  means  of  comjDarison 
with  respect  to  intensity  and  quantity,  while  a  careful  timing  and  gen- 
eral observation  of  the  rainfall,  as  viewed  from  the  writer's  oflfice, 
secured  many  checks  upon  the  records  of  those  in  charge  of  the  gauges, 
and  furnished  clues  to  some  of  the  numerous  anomalies  of  discharge 
which  were  subsequently  found.  To  obtain  the  depth,  the  water  col- 
lected by  three  of  these  gauges  was  carefully  weighed  on  delicate  bal- 
ances, and  from  this  weight  the  corresponding  volume  was  derived  ; 
hence,  as  the  area  of  the  9-inch  opening  presented  to  the  rain  was  accu- 
rately known,  the  resulting  depth  was  easily  found.  At  the  Signal  Service 
station,  on  the  other  hand,  the  depth  is  obtained  by  direct  measurement 
with  a  graduated  rod  in  a  vessel  considerably  narrower  than  the  gauge 
orifice.  In  this  manner  of  gauging,  the  rate  at  all  times  during  the  pro- 
gress of  a  storm  cannot  be  secured,  and  with  only  one  set  of  observers, 
many  showers  which  happen  during  the  night-time  must  necessarily  be 
passed  without  specific  record.  The  data  thus  derived  can  accordingly 
not  be  regarded  as  giving  a  perfectly  correct  view  of  the  rainfall,  but  it 
is  the  only  one  which  is  here  available. 

In  order  to  ascertain  the  frequency  and  intensity  of  heavy  showers  in 
this  portion  of  the  State,  the  writer  was  kindly  supplied  by  the  Chief 
Signal  Officer  with  the  statistics  relating  to  rainfalls  of  more  than  0.25 
inch  per  hour  collected  at  the  stations  in  Rochester,  Buffalo  and 
Oswego  from  1870  to  1888  inclusive  ;  by  the  authorities  of  Cornell 
University  with  similar  statistics  relating  to  Ithaca  from  1879  to  1888 
inclusive  ;  and  by  the  chief  engineer  of  the  Rochester  water  works, 
with  the  records  kept  at  Mount  Hoj^e  Reservoir  and  Hemlock  Lake 
from  1878  to  1888  inclusive.  All  of  this  information  was  arranged  by 
months  in  tabular  form;  but  to  exhibit  the  essential  facts  in  more  con- 
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venient  shape,  tliev  have  been  summarized  in  the  following  table,  which 
gives  the  recorded  number  of  rains  of  diiferent  intensities  during  the  cold 
and  warm  seasons,  together  with  the  deduced  average  number  of  times 
l^er  year  that  a  rain  of  the  specified  intensity  has  been  observed  at  the 
several  localities  mentioned. 

TABLE   C. 


Kate  of  Kain- 

Ndmbek. 

Number  of 

Average 

Total 
Number. 

fill,  inches 
per  hour. 

From    No- 
vember   1 

From  April 
1  to  No- 

years' ob- 
setvation. 

LOCALITT. 

Number 
per  year. 

to  April  1. 

vember  1. 

0.50  to  0.50 

12 

71 

83 

IS 

Roclipster 

4.61 

0..iO  to  0.75 

2* 

24 

26 

■     18 

1.44 

0.75  to  1.00 

0 

9 

9 

18 

0.50 

1.00  to  1.25 

0 

6 

C 

IH 

0.33 

1.25  to  1.50 

0 

4 

4 

18 

0.22 

1.50  to  1.75 

0 

2 

2 

18 

O.ll 

1.75  to  2.00 

0 

1 

1 

IK 

0.05 

2.00  to  3.00 

It 

5 

6 

IS 

0.33 

0.20  to  0.50 

0 

42 

42 

15 

Hemlock  Lake  . . 

2.80 

0.50  to  0.75 

0 

9 

9 

13 

•>      .. 

0.60 

0.75  to  1.00 

0 

6 

0 

15 

"             "      . . 

0.40 

1.00  to  1.2.) 

0 

2 

2 

15 

<.             <. 

0.13 

1.25  to  1.50 

0 

2 

15 

"       ..'        0.13 

1.50  to  1.75 

0 

1 

1 

15 

<■              >> 

0.07 

1.75  to  2.00 

0 

1 

1 

15 

.•               •< 

0.07 

2.00  to  3.00 

0 

1 

1 

15 

0.07 

0.20  to  0.50 

1 

46 

47 

ir 

Buffalo 

2.76 

0.50  to  0.75 

0 

(1 

0 
0 
0 
0 
0 
0 
0 

It 

0 
0 
0 
0 

16 
2 
4 
1 
1 
0 
3 

17 
9 
0 
2 
2 
1 
(1 

16 
2 
4 
1 
1 
0 
3 

17 
9 
1 
2 
2 
1 
0 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

w 

0.94 

0.75  to  1.00 

0.12 

1.00  to  1.25 

.. 

0.24 

1.25  to  1.50 

.< 

0.06 

1.50  to  1.75 

0.06 

1.75  to  2.00 

0.00 

2.00  to  3.00 

0.18 

0.20  to  0.50 

Oswpso 

1.00 

0.50  to  0.75 

0.53 

0.75  to  1.00 

0  06 

1.00  to  1.25 

0.12 

1.25  to  1.50 

<i 

0.12 

1.50  to  1.75 

,,        

0.06 

1.75  to  3.00 

•  ■ 

0.00 

O.20  to  0.50 

1 

0 
0 

(1 

0 

21 
15 
3 
2 
0 

22 
15 
3 
2 
0 

9 
9 
9 
9 
9 

Ilhaca 

2.44 

0  50  to  0.75 

1.6d 

0.75  to  1.00 

„ 

0  33 

1.00  to  1.25 

., 

•  0  22 

1.25  to  3.00 

,c 

0.00 

It  should  be  remarked  that  the  figures  relating  to  the  number  of 
rains  given  in  the  above  table  are  not  worthy  of  much  credit,  owing  to 
the  absence  of  self-registering  devices.  For  example,  three  of  the  six 
rains  at  Rochester,  with  rates  of  from  two  inches  to  three  inches  pei* 

*  March,  1881,  and  November,  1885,  lasting  one  hour  twenty  minutes  and  fifteen  minutes 
respectively. 

t  March,  1880,  lasting  only  five  minutes. 
+  November,  1876,  lasting  twenty  minutes. 
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hour,  occurred  in  1888  and  were  all  obtained  from  the  gauges  main- 
tained by  the  writer;  hence,  instead  of  such  a  rain— which  caused  seri- 
ous overflows  in  nearly  every  sewer  wherein  observations  were  taken — 
occurring  only  once  in  three  years,  as  per  table,  it  has  in  fact  occurred 
three  times  in  one  year,  and  twice  on  the  same  day!  Furthermore,  it  is 
the  writer's  firm  conviction  that  at  least  two  rains  of  similar  intensity 
occurred  in  1887  in  said  city,  no  record  of  which  is  contained  in  said 
table;  and  he  has  an  equally  strong  conviction  that  if  proper  automatic 
gauges  had  been  in  use  at  the  two  stations  in  said  city,  the  list  of  heavy 
showers  would  have  been  enormously  increased  during  the  course  of 
the  past  eighteen  years.  Doubtless  the  same  might  be  said  of  the  other 
stations  named,  and  hence  the  necessity  for  the  use  of  better  apparatus 
in  obtaining  these  important  statistics.  Wherever  much  reliance  has 
been  placed  upon  such  data  as  exhibited  in  Tables  A  and  C,  sewer  en- 
gorgements and  cellar  floodings  have,  curiously  enough,  soon  followed 
in  the  wake  of  the  sewerage  system,  and  large  outlays  are  demanded  for 
the  construction  of  relief  conduits  when  direct  storm  overflows  cannot 
be  provided. 

The  important  question  is  with  reference  to  the  duration  of  the  heavy 
rainfalls  which  cause  the  capacity  of  the  sewers  to  be  exceeded  and  thus 
give  rise  to  damage  in  the  adjacent  cellars.  An  attempt  to  solve  this- 
problem  for  the  locality  of  Rochester  with  the  data  afforded  by  the 
aforesaid  local  rainfall  tables  was  made  in  the  following  manner;  and 
while  the  said' data  are  doubtless  deficient,  yet  they  constitute  the  only 
available  means  of  reaching  any  reasonable  conclusion  in  the  premises: 
The  intensities  of  all  these  rainfalls,  or  the  rates  of  precipitation  in 
inches  per  hour,  were  first  computed  from  the  given  total  depth  and 
time,  and  were  then  plotted  as  ordinates  with  the  corresponding  actual 
durations  of  the  rain  as  abscissas;  a  multitude  of  points  on  the  diagram 
was  thus  obtained,  each  one  representing  by  its  location  a  different  rate 
of  fall  for  definite  periods  of  time;  and  since  the  rains  of  relatively  light 
intensity  were  far  more  numerous  than  the  heavy  ones,  these  points 
were  much  closer  together  in  the  lower  portion  of  the  diagram  than  in 
the  upper  part.  Now  by  connecting  the  successive  highest^  points  by 
straight  lines  an  irregular  envelope,  or  line  enclosing  all  of  the  re- 
maining points,  will  be  obtained,  and  the  ordinates  of  such  envelope 
will  represent  the  probable  maximum  intensities  of  the  rainfall  in  this 
locality  for  the  corresponding  abscissas,  or  periods  of  time.     A  closer 
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examination  of  the  diagram,  however,  shows  that  by  omitting  only  a 
very  few  of  the  highest  points,  the  said  envelope  may  conveniently  be 
represented  by  two  straight  lines  which  form  an  abrupt  angle  Avith  each 
other  at  a  point  corresponding  to  an  intensity  of  about  0.87  inch  and  a 
duration  of  about  1.0  hour.  The  line  to  the  left  of  the  point  of  inter- 
section is  quite  sharply  inclined,  while  that  to  the  right  is  more  nearly 
horizontal,  thus  showing  very  clearly  that  the  maximum  uniform  inten- 
sity of  the  rainfall  diminishes  rapidly  as  its  duration  increases  from  a- 
few  minutes  to  one  hour,  and  that  for  rains  of  uniform  intensity  lasting 
more  than  one  hour  the  rate  of  diminution  is  comparatively  slow.  The 
diagram  is  shown  on  Plate  I. 

To  express  the  relations  of  the  probable  maximum  intensity  of  the 
local  rainfall  to  its  duration  in  mathematical  terms,  let  t  denote  the 
duration  in  minutes,  and  y  denote  the  maxinaum  intensity  in  inches 
per  hour;  for  i^eriods  less  than  one  hour  we  Avill  then  have: 

1) I/'  =  3.73  —  0.0506^ 

while  for  j^eriods  longer  than  one  hour  and  less  than  five  hours  we  have: 
2) J/'  =  0.99  —  0. 002^^. 

There  is,  however,  more  or  less  doubt  about  the  accuracy  of  the  data 
in  the  said  tables,  and  it  may  be  argued  with  miich  force  that  under 
the  circumstances  it  would  be  preferable  to  consider  averages  rather 
than  extremes;  also,  that  for  aj) plication  in  Eochester,  the  data  relating 
to  that  city  alone  should  be  taken  into  account,  especially  since  the  same 
appear  to  be  more  numerous  and  in  much  greater  detail  than  the  others. 
Proceeding  on  this  assumj^tion,  and  groiiping  together  such  of  the 
twenty  rainfalls  of  greatest  intensity  (ranging  from  0.86  inches  to  3,17 
inches  per  hour)  as  have  equal  durations,  we  find  that  the  averages  for 
periods  less  than  one  hour  will  be  much  less  than  the  values  obtained 
from  equation  (1)  above  ;  and  that  the  values  derived  from  the  following 
substitute  for  said  equation  will  agree  quite  closely  with  such  averages 
for  periods  ranging  from  fifteen  minutes  to  one  hour  : 

3) I/'  ^2.10  —  0.0205f. 

The  results  of  the  computations  of  >/'  from  equations  (1)  and  (3)  for 
different  times  t,  as  well  as  the  aforesaid  averages  of  the  observed 
intensities,  are  arranged  in  the  table  on  the  next  page. 

The  results  thus  found  are  generally  much  larger  than  those  given 
by  the  empu'ical  formulas  in  common  use,  which  predicate  a  rainfall  of 
not  more  than  one  inch  per  hour  for  drainage  areas  of  all  magnitudes. 
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TABLE  D. 


Duration  of  Rain 

Computed  Inten- 

Computed Inten- 

Average of 

Number  of  such 
Observations. 

in  Minutes  (<). 

sity  (3/')  from 
Eq.  1. 

sity  ly')  from 
Eq.  3. 

Observed  Inten- 
sities. 

5 

3.48 

2.00 

3.00 

1 

8 

3.33 

1.94 

2.88 

1 

14 

3.02 

1.81 

3.17 

1 

15 

2.97 

1.79 

1.73 

4 

ao 

2.72 

1.69 

1.95 

2 

25 

2.46 

l.f)9 

1.70 

2 

30 

2.21 

1  49 

1.43 

2 

35 

1.96 

1.38 

1.32 

1 

40 

1.70 

1.28 

1.40 

2 

45 

1.45 

1.18 

1.39 

1 

50 

1.20 
0.95 

1.07 
0.97 

0 

65 

0.95 

1 

60 

0.87 

0.86 

1 

It  should  be  distinctly  stated  that  no  great  accuracy  or  general  appli- 
cability is  claimed  for  the  above-mentioned  Equation  3,  which  is  of  the 
most  importance  in  the  comisutation  of  dimensions  for  large  sewers, 
nor  for  the  data  upon  which  said  equation  is  based  ;  it  is  merely  an 
effort  to  utihze  the  only  available  records  of  the  local  rainfall  in  a 
rational  manner,  and  to  remove  the  subject  of  urban  sewerage  somewhat 
further  from  the  realm  of  vague  conjecture. 

The  foregoing  method  of  ascertaining  the  probable  maximum  inten- 
sity of  the  rainfall  of  any  particular  locality  was  subsequently  found  to 
be  practically  identical  with  that  adopted  by  Professor  F.  E.  Nipher,  of 
St.  Louis,  in  the  consideration  of  the  rainfall  of  that  city,  a  brief 
account  of  which  is  contained  in  Vol.  IX  of  The  Avierican  Engineer, 
Chicago,  1885.  On  plotting  the  record's  of  the  heaviest  rains  observed 
at  St.  Lonis  during  a  period  of  forty-seven  years  in  the  same  manner  as 
described  above,  the  envelope  enclosing  all  the  points  was  found  to 
be  an  equilateral  hyperbola  whose  equation  Professor  Nipher  considers 
to  be :  y  ^  =  6,  the  duration  t  being  taken  hfere  in  hours  instead  of 
minutes.  This  formula  represents  the  statement  that  six  inches  of  rain 
may  fall  in  one  hour,  or  that  it  may  be  spread  over  a  greater  number  of 
hours  ;  so  that  if  the  heaviest  rain  lasted  uniformly  for  two  hours,  the 
maximum  rate  would  then  be  y  =  3  inches  per  hour,  and  1.5  inches  per 
hour  for  four  hours,  etc.  An  examination  of  the  rainfall  diagram  for 
Rochester  indicates  that  the  envelope  might  possibly  be  an  hyperbola, 
but  not  an  equilateral  one. 

The  famous  hydrological  studies  of  the  basin  of  the  Eiver  Seine,  by 
Belgrand,  caused  the  Parisian  engineers  to  adopt  a  maximum  rainfall  of 


KUICHLING   ON    RAINFALL   AND   DISCHARGE   OF   SEWERS.      19 

1.77  inches  in  one  hour  as  a  governing  factor  in  proportioning  the  mod- 
ern sewerage  works  of  the  French  capital.  For  the  outlet  sewers  of 
large  districts,  it  is  assumed  that  about  one-third  of  this  depth  is  col- 
lected or  concentrated  during  the  progress  of  the  rain  and  flows  off 
rapidly,  while  the  remainder  is  retarded  in  its  flow  and  is  lost  by  evap- 
oration and  absorption.  To  compare  the  foregoing  maximum  of  1.77 
inches  with  a  similar  maximum  that  might  be  selected  for  some  other 
city,  such  as  Rochester,  on  the  basis  of  the  average  annual  rainfall,  it 
may  be  mentioned  that  the  average  yearly  rainfall  of  Paris  is  only  about 
23  inches,  while  that  of  Rochester  is  about  33. 5  inches,  so  that  the  propor- 
tionate maximum  rate  for  the  latter  city  would  be  2.60  inches  per  hour. 
In  anticipation  of  comment,  however,  the  writer  would  remark  that  the 
available  observations  of  the  local  rainfall  do  not  give  so  high  an  aver- 
age, and  that  a  rate  of  such  magnitude  would  apply  only  to  an  extremely 
small  district;  or,  in  other  words,  would  prevail  for  only  a  very  short 
time,  as  fully  pointed  out  above. 

In  referring  to  the  Parisian  practice  in  an  excellent  article  in  the 
Annales  des  Fonts  et  Chaussees  for  February,  1888,  D.  E.  Mayer,  of  the 
French  engineer  corps,  advises  the  adoption  of  Belgrand's  estimate,  as 
given  above,  for  like  conditions  of  rainfall,  climate  and  proportional 
amount  of  impervious  surface,  in  other  large  cities,  "deducting,  how- 
ever, in  the  computation  of  the  tributary  drainage  area,  all  gardens  and 
other  cultivated  or  vacant  land."  In  smaller  cities,  "  where  the  density 
of  population  is  less,  the  proportion  of  such  garden  and  other  open 
land  is  greater  than  in  the  larger  towns,  and  hence  a  much  larger  pro- 
jDortion  of  the  rainfall  would  be  lost  before  reaching  the  sewers,  while 
the  ordinary  discharge  per  acre  also  diminishes  with  said  density. "  It 
is  therefore  probable  that  the  proportional  discharge  adopted  in  Paris 
may  likewise  be  applicable  in  minor  municipalities  when  it  becomes 
necessary  to  remove  the  surface  drainage. 

In  German  cities  the  recent  practice  appears  to  be  similar  in  general 
theory  to  that  just  outlined  for  French  towns,  only  that  the  maximum 
rainfall  is  usually  taken  at  a  much  lower  figure.  Thus,  for  Berlin  such 
rainfall  is  assumed  at  only  seven-eighths  of  an  inch  per  hour,  one-third 
thereof  reaching  the  sewers  while  the  rain  is  falling.  The  mean  annual 
rainfall  is,  however,  only  22.3  inches,  and  it  is  claimed  that  a  greater 
intensity  than  about  1.0  inch  per  hour  was  never  observed  there. 
Under  such  conditions  a  liberal  provision  appears  to  have  been  made. 
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For  Yienna,  the  maximum  rainfall  was  assumed  at  about  1.10  inches  per 
hour,  and  three-eighths  thereof  is  considered  to  reach  the  sewers  in  the 
same  time.  For  Frankfort,  Munich,  Stuttgart  and  a  number  of  other 
cities,  variable  allowances  were  made  by  the  designers  of  the  sewerage 
systems,  but  in  all  cases  relief  was  assured  by  a  sufficient  number  of 
storm  overflows  into  the  rivers.  It  is,  however,  quite  noticeable,  from 
the  more  recent  reports  and  works  on  sewerage,  that  higher  intensities- 
of  rainfall  than  heretofore  considered  admissible  must  be  adopted  for 
urban  districts  in  which  storm  outlets  are  impracticable. 

For  example,  when  the  sewerage  of  Stuttgart  was  designed  in  1874, 
it  was  assumed  that  not  more  than  27.5  per  cent,  of  any  rainfall  would 
reach  the  main  intercepting  sewer  during  the  continuance  of  the  storm; 
but  the  city  engineer,  in  a  work  piiblished  in  1886,  states  that  such  an 
assumption  is  justifiable  only  when  the  drainage  area  includes  large 
tracts  of  vacant  land,  and  that  his  experience  indicates  a  proportion 
ranging  from  50  to  70  per  cent,  of  the  rainfall,  according  to  the  density 
of  population  and  the  condition  of  the  street  pavements.  In  his  report 
on  the  sewerage  of  Konigsberg,  in  1883,  the  distinguished  engineer, 
Wiebe,  recommends  that  provision  be  made  for  admitting  50  per  cent, 
of  a  maximum  observed  rainfall  of  2.89  inches  per  hour  into  all  sewers 
in  the  high  level  district  of  the  city,  where  no  storm  overflows  could 
be  obtained  ;  he  also  considers  that  very  little  of  the  water  runs  off 
from  moderately  incHned  gardens,  lawns  and  vacant  land  into  the  sewers 
during  the  first  hour  of  the  storm,  and  hence  that  only  the  area  actually 
covered  with  buildings  and  pavements  need  be  considered  ;  for  the 
city  mentioned  he  estimates  this  relatively  impervious  area  at  from  42.3' 
to  54  per  cent,  of  the  total  drainage  area,  according  to  the  particular 
districts  considered.  To  compensate  for  any  contributions  from  the 
garden  and  land  surface  thus  omitted,  the  roof  and  pavement  surface  is 
regarded  as  fully  impervious,  and  taking  this  latter  on  an  average  at  50 
per  cent,  of  the  whole,  with  one-half  of  the  rainfall  running  off,  it  will 
be  seen  that  by  this  procedure  provision  for  about  one-fourth  of  the 
maximum  rate  of  precipitation  is  made  in  the  sewers.  For  Mayence, 
the  elaborate  report  of  City  Engineer  Kreyssig,  published  in  1879,  con- 
tained similar  statements  to  the  effect  that  all  sewers  not  provided  with 
storm-outlets  should  be  capable  of  removing  the  accumulated  surface 
drainage  due  to  the  heaviest  observed  storms  without  becoming  sur- 
charged ;  and  as  the  rainfall  records  of  that  city  indicated  that  the  depth 
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yielded  by  an  extraordinary  rain,  such  as  occurs  only  once  every  few 
years,  is  about  1.60  inches  per  hour,  Kreyssig  considered  this  limit  as 
the  lowest  which  could  reasonably  be  adopted  for  said  locality,  and  that 
at  least  50  per  cent,  of  such  a  fall  would  reach  the  sewers  within  one 
hour  from  the  old  and  more  densely  poi)ulated  districts.  With  respect 
to  the  general  character  of  the  surface  in  European  cities,  it  may  be  re- 
marked here  that  the  local  density  of  population  in  the  older  districts  is 
often  very  great,  the  average  being  about  291  people  per  acre  in  Stutt- 
gart and  162  in  Mayence.  Furthermore,  that  every  street  is  well  paved, 
and  that  very  little  of  the  surface  is  occupied  by  gardens  or  lawns,  so 
that  an  estimate  of  only  50  per  cent,  of  the  rainfall  is  by  no  means  large. 
On  the  other  hand,  in  support  of  the  common  theory  of  English 
engineers  that  heavy  rainfalls  of  comparatively  short  duration  do  not 
yield  such  large  percentages  of  discharge  from  urban  surfaces.  City 
Engineer  Mank,  of  Dresden,  published  in  the  Deutsche  Bauzeilung  for 
1884  the  following  observations  :  During  a  rain  which  lasted  twenty-five 
minutes  and  fell  at  the  rate  of  1.96  inches  per  hour,  the  outlet  sewer  of  a 
certain  district  of  326.7  acres  in  Dresden  was  noticed  to  be  running  com- 
pletely full ;  the  said  district  contained  49. 1  acres  of  surface  in  the  old 
portion  of  the  city,  which  was  almost  entirely  covered  with  roofs  and 
pavements,  164.2  acres  of  closely  built  up  territory  in  the  new  portion, 
and  113.4  acres  of  semi-suburban  surface  ;  considering  the  first-named 
comjaonent  area  as  fully  impervious,  the  second  as  giving  67  per  cent,  of 
impervious  surface,  and  the  third  as  giving  only  34  per  cent,  of  such 
surface,  we  would  have  an  aggregate  of  197. 7  acres,  or  60  per  cent,  of 
the  whole,  as  practically  impervious,  and  from  which  all  of  the  rainfall 
shoiild  be  delivered  rapidly  into  the  sewers  ;  at  the  said  rate  of  1.96 
inches  per  hour  the  water  fell  on  said  197.7  acres  at  the  rate  of  387.5 
cubic  feet  per  second,  while  the  outlet  sewer  was  alleged  to  be  discharg- 
ing only  83.9  cubic  feet  per  second;  and  hence  it  was  inferred  that  a 
rain  of  the  great  intensity  mentioned  could  yield  to  the  sewers  only 
about  21.7  per  cent,  of  the  precipitation  on  the  estimated  impervious 
surface,  or  only  13.1  per  cent,  of  that  on  the  total  area.  Exception  to 
the  aforesaid  estimate  of  impervious  surface  might  readily  be  taken  as 
being  excessive,  and  the  percentage  of  discharge  might  thus  easily  be 
increased  ;  the  rain  may  also  have  been  of  much  less  intensity  on  the 
particular  drainage  area  than  it  was  at  the  location  of  the  gauge,  since 
in  storms  of  such  great  violence  the  observations  of  the  writer  prove 
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conclusively  that  a  difiference  of  one-half  or  even  one-fourth  of  a  mile 
may  make  an  enormous  reduction  of  average  intensity  during  so  short  a 
period  as  twenty-five  minutes.  The  description  given,  furthermore, 
does  not  state  specifically  that  the  said  discharge  was  the  absolute  maxi- 
mum during  the  progress  of  the  shower,  and  that  the  water  did  not  rise 
higher  than  stated  either  before  or  after  the  time  of  the  observation  ;  but 
the  principal  exception  that  the  writer  makes  to  the  foregoing  is  that 
the  measurements  of  maximum  flood-discharge  by  automatic  gauges  in  a 
number  of  sewers  in  this  city  during  the  past  year,  firmly  establish  the 
fact  that  the  percentage  of  discharge  for  such  a  shower  is  very  much 
greater  than  as  computed  above  ;  and  in  proof  of  the  validity  of  this 
assertion,  the  following  instance  may  here  be  cited  : 

Between  7.25  p.m.  and  8  p.m.  on  May  9th,  1888,  a  violent  thunder 
storm,  giving  0.767  inches  of  rain  in  thirty-five  minutes,  or  a  rate  of  1.315 
inches  per  hour,  passed  over  the  city  from  southwest  to  northeast.  The 
writer  had  an  opportunity  to  see  the  approach  of  the  cloud  from  an  elevated 
position,  and  to  notice  that  one  of  his  rain  gauges  lay  directly  in  the  track 
of  the  densest  rain,  while  the  other  was  near  the  edge  of  the  shower. 
The  latter  yielded  a  depth  of  only  0.203  inches,  and  hence  a  rate  of  0.348 
inches  per  hour,  its  distance  from  the  former  being  about  two  miles. 
Now  the  maximum  discharge  of  the  Clifi'ord  Street  and  Avenue  B  outlet 
sewer,  whose  drainage  area  was  seen  to  be  traversed  by  the  heaviest  j)or- 
tion  of  this  rain,  was  found  to  be  73.3  cubic  feet  per  second  from  a  tribu- 
tary total  area  of  356.9  acres,  in  which  the  average  density  of  population 
does  not  exceed  20  per  acre,  and  in  which  there  are  only  a  very  few 
macadamized  roadways,  all  the  rest  of  the  streets  having  simj^ly  natural 
earth  roadways,  with  graded  gutters  and  plank  sidewalks;  the  vacant 
land,  moreover,  is  largely  of  a  gravelly  character,  so  that  little  was  con- 
tributed therefrom  to  the  sewers.  About  three-fourths  of  the  said  terri- 
tory is  well  drained,  nearly  every  street  therein  being  provided  with  a 
sewer,  while  the  remainder  is  to  a  great  extent  undeveloped  agricultural 
land.  The  dwellings  are  principally  small  cottages,  many  of  which  are 
not  yet  connected  with  the  sewers.  According  to  the  results  obtained 
from  estimates  of  the  proportion  of  impervious  siirface  on  different 
classes  of  urban  territory,  the  aggregate  impervious  surface  should 
here  be  about  20  per  cent,  of  the  total  area  of  356.9  acres;  but  in 
view  of  the  fact  that  such  estimates  predicated  much  better  conditions 
of  surface  than  are  actually  presented  on  this  territory,  the  percentage 
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of  impervious  surface  should  be  reduced  to  not  more  than  15,  whence 
we  would  have  about  53.6  acres  of  such  surface  from  which  all  of  the 
water  would  reach  the  sewers. 

On  this  basis,  and  with  a  rate  of  rainfall  of  1.315  inches  per  hour, 
the  maximum  sewer-discharge  should  be  70.5  cubic  feet  jser  second, 
which  is  a  close  agreement  with  the  observed  discharge  of  78.3  cubic 
feet.  To  complete  the  data,  it  may  be  further  remarked  that  the  time 
required  for  the  concentration  of  the  surface  drainage  from  the  most  dis- 
tant points  of  the  area  to  the  point  where  the  said  maximum  flow  was 
registered  is  about  thirty-four  minutes,  the  average  velocity  of  flow  in  the 
sewers  being  about  4.4  feet  per  second  when  nearly  full,  and  their 
grades  ranging  from  1  in  47  to  1  in  910,  with  an  average  of  1  in  150.  The 
said  storm  thus  lasted  long  enough  to  cause  the  whole  area  to  contribute 
to  the  flood  discharge,  which  yielded  a  maximum  of  15.6  per  cent,  of  the 
rainfall  on  a  territory  which  may  fairly  be  classed  as  rural  in  comparison 
Avith  the  above  described  district  of  nearly  equal  magnitude  in  Dresden. 
Under  the  circunistanc3s,  therefore,  the  writer  is  convinced  that  there 
must  be  some  serious  error  in  the  aforesaid  data  relating  to  Dresden, 
from  which  a  maximum  discharge  was  deduced  of  only  13.1  per  cent, 
of  a  storm  having  an  intensity  of  1.96  inches  per  hour,  lasting  twenty- 
flve  minutes,  and  falling  upon  a  well-sewered  urban  area,  of  which  60 
per  cent,  is  regarded  as  impervious. 

On  the  strength  of  these  latter  data  Mr.  Mank  built  up  a  series  of 
sewerage  tables  for  the  use  of  municipal  engineers,  which  have  beeo 
extensively  copied  into  recent  reports,  notably  those  relating  to  Berlin 
and  Wiesbaden.  The  professional  eminence  of  the  authors  of  these  two 
reports  is  such  as  to  have  added  greatly  to  the  value  and  reliability  of 
these  tables,  and  it  is  only  after  abundant  proof  from  the  results  of  his 
own  carefully  conducted  gaugings  was  afforded  that  the  writer  now 
ventures  to  call  them  in  question.  Their  manifest  error  is  attested  by 
a  number  of  other  experiments  similar  to  the  one  just  described,  and 
which  will  be  given  in  detail  below,  also  by  the  observations  made  in 
the  past  by  English  and  American  engineers.  In  view  of  these  facts  it 
is  hardly  worth  while  to  consider  further  this  method  of  computing 
the  dimensions  of  outlets  for  districts  of  ordinary  size. 

The  relation  between  the  magnitude  of  a  drainage  area,  the  surface 
discharge,  and  the  time  required  for  the  concentration  of  such  discharge, 
has  long  been  recognized  in  a  general  way,  but  does  not  appear  to  have 
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been  very  definitely  expressed.  In  a  paper  by  General  O'Connell  on 
"The  Flood  Discharge  of  Eivers,"  i^ublished  in  Volume  27  of  Proc. 
lost.  C.  E.,  the  ijrinciple  is  stated  as  follows:  "When  water  falls  in 
the  shape  of  rain  on  any  solid  surface,  whence  it  afterward  flows  off,  it 
forms  its  own  drainage  vehicle.  It  produces  over  that  solid  surface  a 
certain  depth  of  water  with  a  certain  superficial  fall  or  slope  toward  an 
outlet;  these  two  conditions,  dej)th  and  surface  slope,  being  necessary 
to  secure  flow.  Should  the  solid  surface  be  at  all  absorbent,  the  rain 
has  to  furnish  the  quantity  of  water  necessary  to  saturate  it.  While  the 
drainage  vehicle  is  forming  and  having  its  capacity  increased,  the  water 
is  flowing  off  the  surface  less  rapidly  than  it  falls  upon  it,  and,  should 
the  rain  cease  before  it  has  completed  its  own  drainage  vehicle,  the  rate 
of  discharge  from  the  surface  upon  which  it  falls  will  never  equal  the 
rate  at  which  the  rain  has  fallen  upon  it.  It  is  only  when  the  time 
necessary  for  this  preliminary  operation  of  forming  its  own  drainage 
vehicle  has  elai^sed,  that  the  water  flows  off  from  a  surface  as  rai^idly  as 
it  falls  upon  it.  The  time  required  increases  with  the  linear  distance 
between  the  upper  and  lower  ends  of  the  surface  drained,  and  with  the 
gentleness  of  its  fall."  When  the  drainage  area  is  small,  and  has  a  com- 
paratively impervious  surface,  the  time  necessary  to  establish  equili- 
brium between  precipitation  and  discharge — or  to  form  what  is  termed 
"the  drainage  vehicle"  in  the  foregoing — is  relatively  short;  and  as  the 
distance  that  the  rainfall  has  to  travel  over  the  surface  before  reaching 
some  pipe  or  channel  directly  connected  with  the  sewers  is  generally 
quite  short  in  populous  districts,  it  will  be  seen  that  the  maximum  rates 
of  rainfall  corresponding  to  such  short  times  must  be  considered  in  esti- 
mating the  volume  of  storm-water  instead  of  average  rates  deduced 
from  relatively  long  periods  of  time;  also  that  the  time  will  diminish 
in  same  proportion  as  the  amount  of  impervious  surface  on  the  area  in- 
creases. The  latter,  however,  may  be  regarded  in  the  case  of  cities  as 
directly  proportional  to  the  density  of  the  population  up  to  a  certain 
limit,  after  which  it  remains  substantially  constant,  and  hence  the 
necessity  of  ascertaining  the  probable  relation  between  these  two  ele- 
ments before  undertaking  to  conipute  dimensions  for  sewers  in  cities 
which  are  not  yet  fully  developed. 

Several  attempts  have  been  made  to  express  the  general  principles 
above  set  forth  in  mathematical  terms,  but  without  much  success  from  a 
scientific  standj)oint.     The  eminent  English  engineer,  Hawksley,  eudeav- 
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ored  to  find  a  relation  between  the  diameter  of  a  circular  conduit  or  sewer, 
the  magnitude  of  the  drainage  area,  the  general  slope  of  the  surface,  which 
was  assumed  to  be  parallel  to  the  inclination  of  the  sewer,  and  a  rainfall 
of  one  inch  per  hour,  on  the  assumption  that  half  of  the  water  would  be 
discharged  by  the  sew'er  within  one  hour.  After  many  trials  he  finally 
invented  the  famous  empirical  formula  which  bears  his  name,  and  from 
which  a  few  others  have  since  been  deduced.  Foremost  among  these 
derivatives  stands  the  expression  proposed  in  1880  by  the  distin- 
guished Swiss  engineer,  Biirkli-Ziegler,  but  as  it  is  merely  Hawksley's 
formula  in  a  somewhat  diflferent  form,  although  admitting  of  a  wider 
I'angeof  ajiplication  by  means  of  variable  co-efficients,  it  cannot  be  char- 
acterized as  a  great  improvement  over  the  original.  With  reference  to 
Hawksley's  formula.  Colonel  J.  W.  Adams,  Hon,  M.  Am.  Soc. 
C.  E.,  in  his  excellent  work  on  Sewerage,  remarks  that:  "While  it 
gives  ample  capacity  for  the  smaller  dimensions  of  sewers  and  for  limited 
areas,  it  did  not  prove  so  satisfactory  in  the  larger,"  and  he  accordingly 
proposes  a  diftereut  empirical  expression  which,  while  "giving  slightly 
less  results  in  the  smaller  areas,  give  the  increased  dimensions  in  the 
larger  that  experience  has  pointed  out  as  desirable  in  this  locality." 
The  latest  of  such  formulas  is  the  one  j)roposed  by  E.  E.  McMath,  M. 
Am,  Soc.  C,  E. ,  of  St.  Louis,  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers  for  1887;  it  is  modeled  after  that  of  Biirkli-Ziegler, 
but  with  a  different  empirical  exi^onent,  so  that  materially  different 
results  are  obtained. 

As  it  may  be  of  interest  to  compare  these  four  different  formulas  with 
each  other,  as  well  as  with  reliable  observations,  they  have  for  conveni- 
ence all  been  reduced  to  the  same  notation  by  the  writer  ;  and  to  make 
the  first  and  third  named  apjilicable  to  other  rates  of  rainfall  than  one 
inch  per  hour,  this  factor  has  been  introduced  in  making  the  necessary 
transformation.  Accordingly,  with  the  following  notation  :  [Q)  = 
maximum  discharge  of  the  outlet  sewer  in  cubic  feet  per  second  ;  (/•)  = 
maximum  rate  of  rainfall  in  inches  per  hour,  which  is  practically  the 
same  as  if  expressed  in  cubic  feet  per  acre  per  second  ;  (^4)  =  magnitude 
of  the  drainage  area  in  acres,  and  (s)  =  the  sine  of  the  general  slope  of 
the  surface,  or  the  quotient  of  the  average  fall  divided  by  the  average 
length,  we  will  have  the  formulas  given  on  the  next  page. 

It  may  be  remarked  that  the  first  and  third  expressions  relate  to  ordi- 
nary urban  conditions  of  surface,  and  are  designed  to  apply  best  when 
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r  =  1.0;  while  in  the  second  and  fourth  expressions  the  smaller  co-efficients 
refer  to  suburban,  and  the  larger  to  densely  populated  districts,  the  aver- 
age referring  to  the  same  conditions  assumed  in  the  first  and  third.  It  will 

also  be  observed  that  in  formulas  1  and  3,  the  ratio  (  -^  )  will  diminish 

as  the  intensity  of  the  rainfall  increases ;  but  since  the  fundamental 
principles  of  hydraulics  teach  that  the  resistances  to  flow  diminish 
rapidly  with  an  increase  of  depth  or  volume,  the  writer  is  constrained 
to  believe  that  there  is  a  defect  in  thes3  expressions  which  will  manifest 
itself  particularly  in  the  case  of  relatively  small  drainage  areas.  For 
large  districts,  on  the  other  hand,  it  may  be  conceded  that  the  said 
ratios  may  perhaps  not  increase  perceptibly  within  the  range  of  usual 
intensities  ;  nevertheless  there  is  certainly  no  reason  apparent  why  they 
should  diminish  when  the  rate  of  rainfall  increases.  The  only  justifica- 
tion for  such  a  diminution  lies  in  the  circumstance  that  very  heavy  in- 
tensities usually  last  only  a  short  time,  and  that  consequently  the  whole 
area  may  not  be  contributing  to  the  observed  maximum  discharge  ;  but 
as  this  depends  entirely  upon  the  form,  magnitude  and  slope  of  the  ter- 
ritory, it  is  obvious  that  the  said  formulas  must  be  used  with  great 
caution. 

The  safer  method,  in  the  writer's  opinion,  will  be  to  estimate  the 
probable  future  amount  of  impervious  surface  on  the  given  area, 
either  with  reference  to  the  density  of  population  or  in  any  other 
more  reliable  manner  that  may  be  devised,  and  to  assume  that  all  of 
the  water  which  falls  upon  siich  surface  will  run  off  without 
loss  ;  further,  since  the  topography  of  the  area  is  supposed  to  be  known, 
the  grades  and  length  of  the  longest  tributaries  to  the  outlet  sewer  can 
readily  be  determined,  as  well  as  their  approximate  diameters,  and 
thence  also  the  velocities  of  flow  therein  ;  from  these  elements,  the  time 
required  for  the  flood-waters  to  reach  the  outlet  sewer  from  the  most 
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distant  j^oints  in  the  area  can  next  be  found,  and  when  the  relation  be- 
tween the  probable  maximum  intensity  of  the  rain  and  its  corresponding 
duration  are  known,  as  exhibited  in  the  preceding,  the  maximum  rate  of 
rainfall  belonging  to  the  time  so  found  can  then  be  deduced.  By  pro- 
ceeding in  this  manner,  it  is  believed  that  the  least  error  will  accrue  in 
the  results,  and  that  the  dimensions  of  a  sewer  so  computed  will  be  found 
adequate  until  the  assumed  amount  of  impervious  surface  or  density  of 
population  has  been  exceeded. 

It  may  be  urged  that  the  jDrocess  indicated  is  nothing  more  than  a 
crude  approximation,  and  that  some  one  of  the  various  empirical  formulas 
might  as  well  have  been  applied  ;  but  to  this  it  may  be  answered  that 
the  method  is  at  all  events  intelligible  and  rational,  besides  being 
founded  uj^on  a  somewhat  better  array  of  ascertained  facts  than  is  the 
case  with  the  empirical  formulas  mentioned  ;  it  also  has  the  merit  of 
compelling  the  exercise  of  an  engineer's  judgment  and  discretion  with 
respect  to  the  future  of  particular  localities  of  a  city,  or  even  of  diflferent 
portions  of  the  same  large  drainage  area,  instead  of  dealing  alike  with 
all.  Moreover,  it  rarely  happens  that  the  history  and  composition  of 
snch  formulas  become  known  to  the  majority  of  those  who  may  be  called 
upon  to  api^ly  them,  and  hence  a  process  in  which  every  single  compo- 
nent can  be  thoroughly  scrutinized  and  amended  to  suit  diflferent  cir- 
cumstances will  generally  prove  to  be  safer  than  the  application  of  in- 
definite rules. 

In  the  foregoing  an  attempt  has  been  made  to  exhibit  briefly  the 
methods  by  which  engineers  of  the  widest  repute  and  experience  have 
been  accustomed  to  estimate  the  greatest  amount  of  rainfall,  or  storm- 
water,  for  which  provision  should  be  made  in  the  sewers  of  i^opulous 
districts,  and  a  modification  of  these  processes  was  suggested  by  the 
writer,  inasmuch  as  the  data  underlying  such  methods  appear  to  be  en- 
tirely inadequate  to  warrant  unqualified  acceptance.  A  careful  analysis 
of  all  available  records  of  the  actual  discharge  of  sewers  in  times  of 
heavy  or  protracted  rain,  undertaken  some  years  ago,  revealed  enormous 
incongruities  or  anomalies  which  could  only  be  explained  by  erroneous 
premises,  and  which  accordingly  left  the  whole  subject  in  a  very  un- 
settled condition  from  a  scientific  standpoint;  hence,  when  circum- 
stances recently  enabled  the  writer  to  carry  out  a  series  of  gaugings  of 
the  flood^ischarge  of  a  number  of  large  se-wersin  the  city  of  Rochester, 
N.  Y.,  he  made  every  possible  effort  to  discover  a  more  trustworthy 
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relation  between  the  rainfall  and  the  corresponding  maximum  flow  from 
the  surface  of  a  variety  of  urban  districts.  An  account  of  these  opera- 
tions, together  with  the  principal  results  of  the  computations  involved, 
is  herewith  submitted. 

It  may  be  remarked  in  the  outset  that  while  many  of  the  difficulties 
•subsequently  encountered  were  duly  anticipated,  yet  the  writer  did  not 
appreciate  fully  the  extreme  delicacy  with  which  the  sewer-discharge 
always  responds  to  variations  in  the  intensity  of  the  rainfall  until  a 
large  number  of  observations  had  been  collected  and  the  tedious  com- 
putations completed;  neither  had  he  any  reason  to  believe  from  existing 
records  that  rainfalls  of  uniform  intensity  for  considerable  periods  of 
time  were  so  comparatively  rare.  As  a  consequence,  it  was  learned  too 
late  that  the  most  delicate  and  accurate  self-registering  rain  gauges  were 
essential  to  the  complete  success  of  tl^e  experiments,  and  that  a  com- 
paratively large  number  of  such  devices  should  be  distributed  over  the 
urban  drainage  area  in  order  to  detect  all  local  variatiohs  in  the  rate  of 
precipitation.  The  resiilts  obtained  from  the  gauges  used  in  the  work 
are  therefore  susceptible  of  much  criticism,  yet  it  miist  be  remembered 
that  not  only  were  no  precedents  for  the  undertaking  available,  but  also 
that  the  api^liances  and  methods  of  observation  adopted  were,  on  the 
whole,  much  more  trustworthy  than  in  the  case  of  similar  published 
exijeriments  elsewhere. 

The  general  plan  of  the  work  was  as  follows: 

First. — The  rainfall  was  observed  at  four  different  stations  within  the 
city  limits,  located  from  three-fourths  to  one  and  one-half  miles  apart,  as 
ah'eady  described.  The  observers  were  all  urged  to  take  the  utmost 
care  in  noting  the  exact  duration  of  each  heavy  rain,  and  also  to  record 
the  duration  and  weight  or  depth  of  the  water  caught  when  the  intensity 
of  the  rain  appeared  to  vary,  thus  dividing  an  irregular  storm  into  its 
component  parts  or  showers.  Independent  records  of  relative  intensity 
and  duration  of  such  rains  were  also  kept  by  the  writer  and  his  immedi- 
ate assistants,  who  by  constant  jjractice  and  comparison  with  the  meas. 
ured  results  were  soon  enabled  to  form  a  tolerably  accurate  estimate  of 
the  rate  of  precipitation  from  both  the  sound  of  the  rain  upon  the  roof 
of  the  building  and  the  appearance  of  the  street  gutters.  The  two 
gauges  maintained  by  the  writer  were  placed  about  35  feet  above  the  sur- 
face of  the  ground  at  tte  Municipal  Gas  Works  and  the  Rochester 
Bridge  Works,  where  they  were  entirely  free  from  the  influence  of  sur- 
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rounding  buildings,  while  the  Signal  Service  gauge  was  located  over  lOO 
feet  above  the  surface  on  the  top  of  the  tower  of  a  lofty  building  in  the 
center  of  the  city,  and  the  Water  Works  gauge  was  stationed  on  the 
bank  of  Mt.  Hope  Reservoir,  which  is  on  the  crest  of  the  range  of  hills 
in  the  southern  districts.  A  comparison  of  the  records  of  these  four 
gauges  afforded  the  means  of  determining  whether  the  rainfall  was 
evenly  distributed  over  the  whole  territory. 

Second. — The  maximum  flood-flow  in  the  principal  outlet  sewers  of 
the  east  side  was  obtained  by  means  of  self-recording  gauges  located 
both  in  the  manholes  and  in  the  open  channels  or  ditches  which  receive 
the  discharge  of  such  sewers  in  the  suburbs.  Owing  to  the  nature  of 
the  liquid,  delicate  mechanical  appliances  could  not  be  used  for  seciiring 
such  measurements,  as  the  solid  matters  in  suspension  would  quickly 
obstruct  the  satisfactory  operation  of  such  instruments;  and  after 
much  experimenting,  the  following  simi^le  device  was  found  to  give  the 
best  results.  A  thin  strip  of  wood  4^  inches  wide  and  i  inch  thick  was 
painted  white  and  coated  with  a  thin  wash  of  whitening  or  pulverized 
chalk,  and  immediately  sprinkled  over  with  carefully  sifted  coarse  sand; 
thus  iDrepared,  it  was  then  inserted  and  fixed  in  a  suitably  grooved  and 
narrow  frame,  jehich  was  securely  fastened  to  the  side  walls  of  the  man- 
hole, or  in  an  enclosed  and  locked  framework  secured  to  a  post  driven 
into  the  bottom  of  the  ditch.  The  strij)  rested  at  its  lower  end  ui^on  an 
iron  support  firmly  screwed  to  the  frame,  and  its  rise  by  flotation  was- 
prevented  by  fitting  it  saugly  under  the  curbing  or  covering  of  the  man- 
hole, and  by  a  locking  device  in  the  case  of  the  open  channels.  Being 
exposed  on  both  sides  to  the  water  or  sewage,  the  thin  wash  of  whiten- 
ing was  quickly  softened  by  contact  with  the  liquid,  and  the  sand  imme- 
diately dropped  away  from  all  places  which  had  become  immersed,  but 
remained  fixed  on  the  surface  of  the  strip  above  the  flow-line.  A  sharply 
defined  maximum  flood-mark  was  thus  obtained  in  almost  eveiy  in- 
stance, and  froin  the  height  of  this  mark,  as  well  as  from  the  pre- 
viously ascertained  relation  of  the  iron  support  to  the  bottom  of  the 
sewer  or  channel,  the  greatest  depth  of  the  stream  was  definitely  known. 
The  cross-sectional  dimensions  and  slopes  of  the  several  sewers  and 
channels  so  gauged  were  also  carefully  measured,  so  that  all  of  the  ele- 
ments required  for  the  computation  of  the  maximum  discharge  were 
available.  These  gauges  were  examined  imluediately  after  every  hard 
rainfall  or  shower,  and  the  surfaces  of  the  strips  newly  prepared  as  above 
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described.  It  had  beeu  noticed  previously  by  the  writer  that  the  dis- 
charge of  certain  large  sewers  in  this  city  varied  with  the  intensity  of 
the  rainfall,  as  well  as  with  its  duration,  and  numerous  subsequent  ob- 
servations during  the  past  year  abundantly  corroborated  the  view  that 
comparatively  slight  variations  in  the  rate  of  precipitation  are  quickly 
felt  in  the  sewers,  thus  establishing  the  fact  that  the  flood-marks  must 
be  attributed  to  the  maximum  intensities  of  the  rain  during  relatively 
short  periods  of  time,  and  not  to  the  average  intensity  for  the  entire 
duration  of  the  storm  unless  it  be  proven  that  the  same  was  uniform 
throughout.  The  greatest  care  is  therefore  necessary  in  the  observation 
of  the  rainfall  and  its  variations,  otherwise  the  deductions  from  the 
sewer-gaugings  become  highly  deceptive.  It  may  also  be  mentioned 
that  the  period  of  maximum  discharge  is  usually  equal  to  the  duration 
of  the  corres^jonding  maximum  intensity  of  the  rain,  and  that  the  flow 
is  not  in  the  form  of  a  short,  shari^-crested  wave  of  momentary  duration 
like  that  produced  from  a  flushing  tank.  Thus,  in  a  heavy  shower  last- 
ing twenty  minutes  at  uniform  intensity,  the  maximum  sewer  discharge 
wiU  continue  for  about  the  same  length  of  time;  and  as  this  period  is 
amply  sufficient  to  flood  any  cellar  or  basement  when  a  sewer  is  over- 
charged, the  damage  is  then  as  great  as  if  the  duration  had  been  longer. 
The  importance  of  dealing  with  shorter  periods  of  time  than  heretofore 
customary  will  accordingly  be  apparent. 

Third. — To  obtain  the  hydi-aulic  slope  in  case  of  great  depths  of  flow, 
or  when  the  sewers  are  overcharged,  the  gauges  were  arranged  in  pairs, 
one  being  placed  in  each  of  two  consecutive  manholes  in  the  same  sewer; 
in  the  open  channels  they  were  likewise  arraoged  in  pairs,  from  90  to 
300  feet  apart.  In  nearly  every  instance  the  manholes  were  located  at 
the  junctions  of  tributary  sewers,  and  the  gauges  were  placed  in  such 
manner  as  to  be  least  aftected  by  the  inflow  of  water  from  such  lateral 
pipes  or  conduits.  It  was  also  noticed  that  where  the  bottom  of  the 
main  sewer  was  on  a  continuous  grade,  the  depth  of  flow  at  the  lower 
manhole  or  junction  was  always  somewhat  greater  than  at  the  upper  one, 
a  circumstance  necessarily  due  to  the  inflow  of  the  contributions  from 
the  intervening  territory  and  the  lower  lateral  sewers.  Unfortunately, 
there  were  generally  no  intermediate  manholes  between  such  junctions, 
and  hence  the  true  hydraulic  slope  could  not  be  definitely  ascertained. 
It  was,  therefore,  assumed  that  when  the  difference  in  depth  of  flow  at 
each  pair  of  manholes  was  not  great,  the  surface  slope  would  be  par- 
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allel  to  the  bottom  sloi^e,  as  determined  by  careful  leveling,  and  that  the 
back-water  curve  or  "  remous  "  caused  by  accretions  at  the  lower  man- 
hole would  practically  not  extend  up  to  the  ujDijer  manhole,  since  the 
distance  between  the  two  always  amounted  to  several  hundred  feet.  On 
the  other  hand,  when  the  sewers  were  overcharged,  the  true  hydraulic 
slope  was  given  directly  by  the  gauge  records,,  except  in  cases  where  the 
engorgements  were  so  great  as  to  cause  the  storm-water  to  rise  above 
the  tops  of  both  manholes  and  to  flood  the  adjacent  low  grounds;  in 
such  event  no  definite  estimate  of  the  flood-discharge  is  possible,  and  the 
nearest  approximation  is  the  maximum  capacity  of  the  sewer  under  vari- 
ous conditions  of  flow.  Again,  when  the  diff'erence  in  depth  of  flow  was 
so  great  as  to  warrant  the  inference  that  the  back-water  curve  extended 
beyond  the  upjser  manhole,  the  hydraulic  slope  for  computing  the  dis- 
charge at  said  manhole  was  estimated  as  being  somewhat  less  than  the 
bottom  slope,  and  somewhat  greater  than  the  slope  given  by  the  gauge 
readings,  in  order  to  compensate  for  the  inflow  at  the  lower  manhole. 

Fourth. — The  tributary  drainage  area  behind  each  gauge  was  care- 
fully computed  from  a  topographical  map  of  the  eastern  half  of  the 
city,  upon  which  all  existing  sewers  had  been  indicated,  together  with 
their  direction  of  flow  and  relative  size.  The  division  lines  between  the 
various  separate  areas  are  necessarily  approximations,  as  it  would  be 
impracticable  to  define  exactly  the  actual  limits  in  the  great  majority  of 
cases,  owing  to  the  fact  that  few  of  the  dividing  ridges  are  distinctly 
marked  or  noticeable,  and  that  in  many  instances  the  natural  course  of 
the  drainage  has  been  reversed  in  order  to  obtain  an  outfall  into  exist- 
ing sewers.  Much  time  and  study  were  devoted  to  this  matter,  and  it  is 
believed  that  the  errors  so  made  are  insignificant.  Having  thus  learned 
the  form  and  magnitude  of  each  main  area  tributary  to  the  sewers  at 
the  saidjgauges,  computations  of  the  time  required  for  the  storm-waters 
from  the  most  distant  j)oints  on  the  surface  to  reach  each  gauge  by 
flowing  through  the  tributary  and  main  sewers  were  next  made,  and  for 
this  purpose  it  became  necessary  to  make  use  of  the  records  of  the 
grades  and  dimensions  of  such  sewers  filed  in  the  office  of  the  City  Sur- 
veyor. In  a  few  cases  the  time  actually  required  for  the  flood  to  make 
its  apj)earance,  or  rather  to  attain  its  maximum  height,  at  the  gauge, 
was  also  observed  and  compared  with  the  computed  time,  the  result 
being  that  the  former  always  exceeded  the  latter  by  several  minutes, 
thus  indicating  that  the  water  requires  a  certain  length  of  time  to  reach 
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the  sewers  from  the  roofs,  and  more  especially  from  the  street  surfaces. 
With  the  information  thus  obtained,  the  increased  discharge  at  the  lower 
gauges  could  readily  be  compared  with  the  volume  that  would  probably 
be  delivered  by  the  tributaries  which  entered  the  sewer  at  that  point, 
and  where  the  discreisancy  between  these  two  quantities  was  found  to 
be  large,  the  observations  were  rejected. 

Fifth. — Thirty-one  of  the  above  described  automatic  flood  gauges 
were  located  in  eleven  different  main  sewers  and  five  open  ditches  or 
channels  withiu  the  city  limits,  whereby  an  opportunity  was  afforded  to 
observe  the  maximum  discharge  from  twenty-four  drainage  areas,  vary- 
ing in  magnitude  from  25  acres  to  606  acres,  and  j^resenting  a  great 
diversity  of  character  with  reference  to  quahty  of  soil,  density  of  popu- 
lation, class  of  roadways  and  extent  of  sewerage.  Few  of  these  dis- 
tricts, however,  were  similar  in  general  character,  and  hence  the  final 
results  cannot  well  be  compared.  For  the  sake  of  brevity  the  essential 
data  relating  to  said  districts  have  been  arranged  in  Tables  Nos.  1  and  2, 
hereto  appended.  It  should  be  stated  that  in  many  cases  the  observa- 
tions of  the  flood-flow  were  useless,  as  no  reliable  record  of  the  rainfall 
was  at  hand  ;  also  that  of  the  remaining  observations  only  those  which 
related  to  rainfall  intensities  of  about  0.25  inch  and  upward  per  hour 
have  thus  far  been  worked  out  in  detail  for  some  of  the  most  poj^ulous 
and  best  sewered  districts.  To  a  number  of  these  comj)utations,  more- 
over, considerable  uncertainty  is  attached,  by  reason  of  the  irregulari- 
ties in  grade  of  the  sewers  ;  and  hence  in  the  following  the  results  from 
only  a  few  of  the  entire  number  of  districts  above  mentioned  can  be 
submitted  with  confidence. 

Sixth. — The  discharge  was  computed  with  variable  co-efficients  de- 
duced from  Kutter's  formula,  and  in  a  few  instances  where  experiments 
were  made,  the  computed  velocities  were  found  to  agree  closely  with  the 
observed  average  velocities  between  the  gauges.  Weir  measurements 
would  doubtless  have  been  far  more  satisfactory;  but  as  a  matter  of. fact, 
none  of  the  sewers  were  large  enough  to  admit  of  using  this  method  of 
gauging  during  heavy  showers.  In  the  distant  suburbs  it  was  possible 
to  find  a  few  places  in  the  natural  water-courses  where  a  weir  could  have 
been  applied  without  damaging  the  adjacent  low  lands  by  overflow  or 
back-water;  yet  as  the  particular  object  of  the  gaugings  was  to  obtain  the 
maximum  proportion  of  rainfall  which  finds  its  way  into  the  sewers  of 
the  urban  districts,  the  purpose  would  have  been  utterly  defeated  if  large 
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tracts  of  agricultural  land  had  been  thus  included  in  the  tributary  areas. 
No  other  jjroeess  of  gauging  than  by  computing  the  discharge  from 
some  approved  formula  for  the  flow  in  a  regular  channel  was  therefore 
l^racticable. 

Seventh. — The  percentage  of  the  rainfall  which  is  discharged  by  the 
sewers  during  the  period  of  maximum  flow  depends,  as  previously 
stated,  chiefly  upon  the  greatest  intensity  of  the  precipitation  during 
the  continuance  of  the  storm  ;  and  if  the  average  intensity  were  used  in 
comi^uting  such  percentages,  an  assortment  of  results  would  be  obtained 
which  are  manifestly  absurd  from  their  enormous  magnitude.  For  exam- 
l^le,  let  us  consider  the  case  of  the  rain  on  June  2d,  1888,  when  a  heavy 
shower  lasting  fifteen  minutes  was  followed  by  thirty -five  minutes  of  light 
rain  of  probably  less  than  one-fourth  of  the  previous  intensity,  and  by  a 
light  drizzle  lasting  fifteen  minutes  more,  after  which  the  rain  ended. 
The  rain  had  thus  a  continuous  duration  of  sixty-five  minutes,  and 
yielded  a  total  depth  of  0. 152  inches  in  all  parts  of  the  city,  its  average 
intensity  being  0.14  inches  per  hour.  On  this  day,  however,  the  Court 
and  William  Streets  ovitlet  sewer  showed  at  the  intersection  of  Alexander 
Street  and  University  Avenue  a  maximum  flow  of  19.97  cubic  feet  per 
second  from  a  drainage  area  of  132.96  acres  ;  but  at  the  said  average  in- 
tensity, the  amount  of  water  falling  upon  the  entire  area  is  only  18.6 
cubic  feet  i^er  second,  and  hence  on  this  assumption  the  sewer  would 
have  discharged  over  100  j)er  cent,  of  the  average  rainfall,  which  is  a  pal- 
I)able  absurdity.  On  the  other  hand,  it  was  estimated  that  during  the 
fifteen  minutes  of  the  heavy  shower  at  least  two-thirds  of  the  whole 
amount  of  water  fell,  which  would  give  a  maximum  intensity  of  about 
0.40  inch  i^er  hour,  and  hence  also  a  precijiitation  of  53.2  cubic  feet  per 
second  upon  the  whole  drainage  area  ;  thereby  reducing  the  percentage 
of  the  rainfall  discharged  by  the  outlet  sewer  to  37.5,  which  is  doubtless 
not  far  from  the  truth,  since  about  38  per  cent,  of  the  surface  may  fairly 
be  regarded  as  impervious.  From  the  data  collected  by  the  writer, 
many  other  similar  instances  might  be  adduced,  but  it  is  believed  that 
the  foregoing  one  will  suffice  as  an  illustration  of  the  necessity  of  the 
most  minute  and  careful  observation  of  the  rainfall. 

During  the  past  year  seventeen  noteworthy  rainfalls,  ranging  in  max- 
imu.m  intensity  from  0.24  inch  to  3.20  inches  per  hour,  have  been  more 
or  less  accurately  observed  in  this  city  at  the  several  stations  mentioned, 
and  for  nearly  all  of  these  the  corresponding  maximum  flow  in  the 
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sewers  was  obtained  in  the  manner  described.  The  complete  analysis 
and  description  of  these  rains,  as  deduced  from  the  various  records  by 
the  writer,  are  given  in  full  detail  in  Table  No.  3 ;  and  a  summary  thereof 
exhibiting  only  the  maximum  intensities  and  durations  of  the  component 
showers,  along  with  some  explanatory  remarks,  is  given  in  Table  No.  4, 
liereto  appended.  It  should  be  mentioned  that  no  great  accuracy  for 
the  figures  thus  exhibited  is  claimed,  as  the  rates  of  the  component 
showers  are  generally  estimates  based  upon  numerous  actual  measure- 
ments; the  total  precipitation  and  the  timings,  however,  can  be  accepted 
with  much  confidence  in  the  majority  of  cases,  as  the  errors  are  rela- 
tively small.  The  light  rains  and  drizzles  are  always  small  fractional 
parts  of  the  total  fall  in  the  class  of  storms  here  considered,  and  a  close 
knowledge  of  their  intensities  can  soon  be  acquired  by  practice;  hence, 
when  the  duration  of  these  estimated  lighter  rains  is  known,  together 
with  the  total  fall,  the  intensities  of  the  heavy  component  showers  can 
be  reached  with  a  fair  degree  of  certainty.  In  this  manner  the  rates  for 
the  heavy  rains  were  estimated,  as  shown  in  Table  No.  3 ;  and  in  the  absence 
of  data  from  the  most  delicate  self-registering  rain  gauges,  they  are  sub- 
mitted as  the  best  which  the  writer  can  offer.  No  revision  of  them  has 
been  attempted  in  order  to  secure  more  harmonious  correspondence  with 
the  sewer  gaugings,  and  they  are  accordingly  open  to  amendment,  along 
with  the  computed  iDercentages  of  discharge. 

The  storm-discharge  from  five  different  districts  in  this  city  may  now 
be  considered,  the  general  description  of  these  districts  being  as  follows : 

District  I.  —  Discharge  measured  at  gauge  No.  2  in  the  Clifford  Street 
and  Avenue  B  outlet  sewer  at  the  intersection  of  Avenue  B  and  Harris 
Avenue.  About  one-half  of  the  total  irregular  tributary  drainage  area  of 
356.94  acres  has  a  dense  population,  averaging  about  35  per  acre,  while 
the  remainder  is  thinly  settled  and  presents  much  agricultural  land.  The 
soil  is  generally  a  clayey  loam,  with  gravel  and  muck  in  some  jolaces  ; 
its  surface  is  slightly  undulating,  with  no  sharply  defined  natural  water- 
courses. Nearly  all  of  the  existing  streets  are  sewered  and  have  graded 
earthen  roadways  and  gutters,  and  only  a  very  small  proportion  of  the 
aggregate  length  of  roadway  is  macadamized.  The  average  grade  of  the 
sewered  streets  is  about  1  in  150,  and  the  sewer  grades  range  from  1  in 
47  to  1  in  910.  Few  large  buildings  or  factories  are  found  in  the  dis- 
trict. The  outlet  sewer  appears  to  be  in  excellent  order,  and  affords 
good  facility  for  gauging  at  all  depths  of  flow. 

District  IV. — Discharge  measured  at*  gauge  No.  8,  in  the  North  Ave- 
nue outlet  sewer,  near  Syracuse  Street.  The  tributary  drainage  area  of 
128.67  acres  is  generally  well  developed,  and  is  in  the  form  of  an  irregu- 
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lar  strip  4  800  feet  long  by  about  1  200  feet  average  width,  begiuniug  in 
the  central  part  of  the  city  and  extending  northerly.  The  average  den- 
sity of  population  may  be  estimated  at  about  32  per  acre.  The  area  con- 
tains many  large  business  blocks  and  other  buildings  along  North  Ave- 
nue, but  the  rest  of  the  territory  is  occupied  chiefly  by  residences  of 
medium  size  standing  on  moderately  large  lots.  The  soil  is  mainly  a 
clayey  loam,  with  muck  in  the  lower  districts,  and  the  surface  slopes 
gently  to  the  north  as  far  as  the  New  York  Central  and  Hudson  Eiver  Rail- 
road, after  which  it  becomes  very  flat.  All  of  the  streets  are  sewered 
and  graded,  and  about  one-third  of  the  aggregate  length  of  roadway  has 
been  paved  with  asphalt,  stone  blocks,  macadam  and  gravel,  the  mac- 
adam, however,  predominating  in  extent ;  the  remainder  of  the  road- 
ways are  of  common  earth.  The  average  grade  of  the  streets  is  1  in  130, 
and  the  sewer  grades  range  from  1  in  50  to  1  in  630.  The  outlet  sewer 
is  of  good  rubble  masonry,  with  a  flat  bottom,  excavated  in  a  horizon- 
tally stratified  limestone  rock  ;  for  small  depths  of  flow  no  great  accu- 
racy can  be  expected  from  the  gaugings. 

District  X. — Discharge  measured  at  gauge  No.  18,  in  the  East  Main 
Street  sewer  at  the  intersection  of  North  Union  Street.  The  tributary 
drainage  area  of  25. 12  acres  is  well  developed,  and  is  in  the  form  of  a 
long  and  comparatively  narrow  strip  traversed  by  East  Main  Street, 
along  which  many  large  business  blocks  and  apartment  houses  have  been 
built.  There  are,  however,  still  many  detached  small  residences  on  the 
area,  with  considerable  garden  space.  The  average  density  of  popula- 
tion may  be  estimated  at  about  forty  per  acre.  The  soil  is  a  clayey 
loam,  and  its  surface  inclines  moderately  to  the  east.  Almost  every 
street  is  sewered  and  i^rovided  with  a  macadamized  or  gravel  roadway, 
the  average  surface  grade  being  1  in  172,  while  the  sewer  grades  vary 
from  1  in  70  to  1  in  330.  The  outlet  sewer  is  of  ordinary  rubble  masonry, 
with  a  flat  bottom  of  rock,  hard-pan  or  plank.  For  small  depths  of 
flow  the  gaugings  are  probably  unreliable.  From  this  district  the  great- 
est percentage  of  discharge  may  be  expected,  as  it  contains  tlie  largest 
proportion  of  impervious  surface  of  any  in  the  whole  list. 

District  IX. — Discharge  measured  by  gauge  No.  19,  in  the  Court  and 
William  Streets  outlet  sewer  at  the  intersection  of  Alexander  Street  and 
University  Avenue.  The  tributary  drainage  area  of  132.96  acres  is 
chiefly  a  well  developed  residential  district,  with  a  few  large  buildings 
and  apartment  houses.  Most  of  the  dwellings  are  large  and  stand  rather 
close  together  o\i  lots  of  medium  size.  The  average  density  of  popula- 
tion is  about  thirty-six  per  acre.  Every  street  is  sewered  and  graded,  and 
the  roadways  are  nearly  all  improved  with  macadam  or  gravd,  but  there 
is  not  a  single  first-class  pavement  in  the  whole  district.  The  soil  is  gen- 
erally of  a  loamy  character,  with  some  clay,  gravel  and  niixck  in  different 
portions;  its  surface  is  somewhat  undulating,  the  prevailing  slope,  how- 
ever, being  towards  the  north  and  east;  the  average  grade  of  the  streets 
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is  about  1  in  151,  and  the  sewer  grades  range  from  1  in  54  to  1  in  400. 
The  oiitlet  sewer  is  of  ordinary  rubble  masonry,  with  a  flat  bottom  exca- 
vated in  the  limestone  rock  and  trimmed  to  the  slope;  hence  it  is  not  well 
adapted  to  the  gauging  except  when  running  at  considerable  depths. 
From  the  general  character  of  this  district,  a  relatively  large  percent- 
age of  discharge  may  be  expected. 

District  XVII.— Discharge  measured  by  gauge  No.  30  in  the  Griffith 
Street  sewer  at  the  intersection  of  Broadway.  The  tributary  drainage 
area  of  92.27  acres  is  well  sewered  and  developed,  and  the  average  den- 
sity of  jiopulation  may  be  taken  at  about  35  per  acre.  Almost  every 
street  has  been  improved,  about  one-fifth  of  the  aggregate  length  being 
paved  with  asphalt,  one-fourth  with  stone  blocks,  and  the  remainder 
with  macadam  and  gravel.  The  territory  contains  a  number  of  large 
business  blocks  and  apartment  houses,  but  the  greater  portion  is  occu- 
pied by  detached  residences  standing  on  lots  of  medium  width.  In  one 
district  of  about  twenty-five  acres  the  lots  are  very  deep  and  afi"ord  op- 
portunity for  additional  streets.  The  soil  is  mainly  a  clayey  loam;  its 
surface  slopes  generally  to  the  south,  but  in  the  aggregate  one-half  of 
the  whole  area  is  quite  flat.  The  average  grade  of  the  streets  is  1  in  240, 
and  the  sewer  grades  vary  from  1  in  100  to  1  in  350.  The  sewerage  is 
not  of  the  best  description,  and  the  outlet  has  frequently  been  over- 
charged. It  is  reasonable  to  infer  that  the  proportion  of  rainfall  reaching 
the  sewers  is  less  than  in  the  preceding  district. 

The  foregoing  five  districts  have  been  selected  from  the  entire  num- 
ber available  because  they  rejDresent  not  only  the  best  developed  and 
most  populous  localities  on  the  east  side,  but  also  the  largest  and  most 
accessible  outlet  sewers.     It  is  greatly  regretted  that  much  doubt  with 
respect  to  the  bottom  slope  of  some  of  the  other  sew^ers,  or  of  the  same 
sewers  at  other  gauges,  prevents  the  utilization  of  the  records  obtained 
until  such  time  as  the  nominal  grades  may  be  tested  by  numerous  exca- 
vations; but  the  computations  for  several  of  these  other  districts  show 
such  wide  differences  and   improbabilities  as  to  greatly  impair  their 
value  ;  furthermore,  most  of  these  districts  include  large  tracts  of  agri- 
cultural or  iTuimproved  territory,  and  are  therefore  of  minor  interest  in 
connection  with  the  discharge  from    populous  areas.     The  combined 
flow  from  a  series  of  contiguous  districts  was  measured,  a  number  of 
times  by  gauges  9  and  10,  11,  12  (a)  and  13,  and  12  (b)  ;  but  as  it  was 
impracticable  to  determine  each  component  separately,  the  gaugings 
must  necessarily  relate  to  large  territories,  and  can  serve  only  to  check 
the  computations  made  for  the  smaller  areas  in  which  the  essential  ele- 
ments were  known  with  reasonable  certainty.     For  these  reasons  only  a 
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part  of  all  the  records  secured  are  now  of  use,  while  the  remaiuder  must 
be  laid  aside  until  the  sewer  grades  can  be  properly"  verified  hereafter. 

Some  of  the  details  of  the  discharge  computations  for  the  afore- 
said five  districts  are  given  in  the  appended  tables,  Nos.  5,  6,  7,  8 
and  9,  while  Table  No.  10  shows  the  computed  iiercentages  of  the 
heaviest  rainfall  so  discharged  during  the  period  of  maximum  flow. 
To  exhibit  these  important  results  in  more  convenient  and  compact 
form,  however,  they  are  herewith  submitted  in  the  table  on  the  follow- 
ing page. 

It  will  be  noticed  that  there  are  numerous  discordances  in  this 
table,  most  of  which  can  fairly  be  ascribed  to  imperfect  estimates 
of  the  maximum  intensity  of  the  rainfall,  while  the  remainder  have 
doiibtless  arisen  from  errors  made  in  observing  the  flood-marks  left  on 
the  sewer  gauges.  Fortunately,  however,  the  data  are  sufficiently 
numerous  to  admit  of  comparison;  and  by  averaging  the  results  obtained 
for  similar  durations  of  heavy  rain  it  is  j)robable  that  the  majority  of  the 
discrepancies  will  be  equalized,  and  that  the  mean  values  of  the  per- 
centages of  the  rainfall  so  removed  by  the  sewers  will  afford  a  clue  to 
the  general  laws  which  govern  such  discharge.  For  facilitating  the 
study  of  the  i^roblem,  these  average  values  for  each  of  the  dis- 
tricts were  plotted  as  ordinate.^  with  the  corresjionding  dui-ations 
of  the  maximum  rainfall  as  abscissas,  thus  obtaining  a  series 
of  five  somewhat  irregular  curves  shown  in  Plate  No.  II. ;  and 
upon  carefully  examining  these  diagrams  in  conjunction  with  the 
explanatory  remarks  relating  to  both  the  rainfall  and  the  sewer 
gaugings,  the  irregularities  were  corrected  or  equated  by  suitably 
fitting  regular  lines  or  curves  to  the  various  points  obtained  as  stated. 
These  new  lines  or  curves  accordingly  represent  a  more  or  less  close 
approximation  to  the  actual  relation  of  the  rainfall  to  the  flood  flow  in 
the  sewers  of  populous  districts;  and  while  the  numerical  results  thus 
reached  may  not  be  absolutely  correct,  the  diagi-ams  nevertheless  point 
unmistakably  to  the  following  general  conclusions: 

First. — The  percentage  of  the  rainfall  discharged  from  any  given 
drainage  area  is  nearly  constant  for  rains  of  all  considerable  intensities 
and  lasting  equal  periods  of  time.  This  circumstance  can  be  attributed 
only  to  the  fact  that  the  amoiiut  of  impervious  surface  on  a  definite 
drainage  area  was  also  practically  constant  during  the  time  occupied  by 
the  experiments. 
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TABLE   E. 

Showing  the  computed  percentages  of  tlie  heaviest  rainfall  discharged 
from  five  dilierent  city  districts  by  the  respective  outlet  sewers 
during  the  period  of  maximum  flow,  also  the  average  values  of  such 
percentages.  Arranged  with  reference  to  duration  of  heaviest 
rainfall. 
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Duration    of    rain  at 
maximum  intensity, 
minutes. 
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18.4     1     11.9 

12.6 

July  18th  188S 

0.75* 
1.33$ 

10.3 

August  17th,  1888 

8.9 

10 

6.5 

10.4 

21.7          13.3 

9.6 

1 

Probable  time  required 
for    concentration     of 
flow  at  gauges,  min- 

44 

26 

16 

23 

24 

*  Preceded  and  followed  by  lighter  rain. 
%  Sudden  shower,  followed  by  lighter  rain. 
1 1  Heavy  shower,  i^receded  by  lighter  rain, 
t  Intensity  roughly  estimated. 
§  Sewer  here  ran  under  head;  percentage  is  computed  from  maximum  discharge  without 

head  previous  to  surcharge. 
1  Figures  obviously  too  high  or  low  and  rejected  in  deriving  averages. 
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Second.— The  said  percentage  varies  directly  with  the  degree  of  urbau 
development  of  the  district;  or,  in  other  words,  with  the  amount  of  im- 
pervious surface  thereon.  This  fact  is  clearly  shown  by  the  large  per- 
centages derived  from  the  relatively  best  developed  District  X,  in  con- 
trast Avith  the  smaller  percentages  obtained  from  the  relatively  less  im- 
proved Districts  IX,  IV  and  XVII,  and  to  the  still  smaller  results  yielded 
by  the  least  improved  District  I;  and  it  also  serves  to  account  for  the 
constancy  of  the  percentage  discharged  from  any  particular  district  for 
rainfalls  of  the  same  duration. 

Third.— The  said  percentage  increases  rapidly,  and  directly  or  uni- 
formly, with  the  duration  of  the  maximum  intensity  of  the  rainfall, 
until  a  period  is  reached  which  is  equal  to  the  time  required  for  the  con- 
centration of  the  drainage  waters  from  the  entire  tributary  area  at  the 
point  of  observation;  but  if  the  rainfall  continues  at  the  same  intensity 
for  a  longer  period,  the  said  percentage  will  continue  to  increase  for  the 
ailditional  interval  of  time  at  a  much  smaller  rate  than  previously.  This 
circumstance  is  manifestly  attributable  to  the  fact  that  the  permeable 
surface  is  gradually  becoming  saturated  and  is  beginning  to  shed  some 
of  the  water  falling  upon  it;  or,  in  other  words,  the  proportion  of  imper- 
vious surface  slowly  increases  with  the  duration  of  the  rainfall. 

Fourth.— The  said  percentage  becomes  larger  when  a  moderate  rain 
has  immediately  preceded  a  heavy  shower,  thereby  partially  saturating  the 
permeable  territory  and  correspondingly  increasing  the  extent  of  imper- 
vious surface. 

Fifth.— The  sewer-discharge  varies  promptly  with  all  appreciable 
fluctuations  in  the  intensity  of  the  rainfall,  and  thus  constitutes  an  ex- 
ceedingly sensitive  index  of  the  rain  and  its  variations  of  intensity. 

Si.rth.— The  diagrams  also  show  that  the  time  when  the  rate  of  increase 
in  the  said  percentages  of  discharge  changes  abruptly  from  a  high  to  a 
low  figure,  agrees  closely  with  the  computed  lengths  of  time  required  for 
the  concentration  of  the  storm-waters  from  the  whole  tributary  area;  and 
hence  the  said  percentages  at  such  times  may  be  taken  as  the  proportion 
of  impervious  surface  upon  the  respective  areas.  For  example,  the 
percentage  curves  for  District  IV  and  XVII  are  seen  to  be  practically 
coincident,  whence  it  might  be  inferred  that  the  proportions  of  imper- 
vious surface  are  alike  in  both  areas;  as  a  fact,  this  conclusion  is  fully 
warranted  by  an  examination  of  the  two  territories,  which  are  separated 
by  a  large  intermediate  area. 
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The  relation  between  the  maximum  sewer-discharge  and  the  rainfall 
has  thus  been  apixroximately  established  for  five  different  districts  in 
this  city,  and  it  has  been  seen  that  the  flood-volume  stands  in  direct 
l^roportion  to  the  magnitude  of  the  impervious  surface  on  the  drainage 
area,  and  to  the  intensity  and  duration  of  the  rain;  also  that  such  flood- 
volume  reaches  practically  a  maximum  when  the  precipitation  continues 
uniformly  for  a  suflicient  length  of  time  to  secure  the  concentration  of 
the  storm-waters  from  all  portions  of  the  area.  The  element  of  time, 
therefore,  enters  twice  into  the  determination  of  the  flood-volume,  and 
from  the  relation  between  duration  and  maximum  intensity  of  the  rain- 
fall in  this  locality  heretofore  established,  we  may  accordingly  find  the 
duration  of  that  particular  rainfall  for  which  the  sewer-discharge  will 
become  an  absolute  maximum.  With  the  following  notation:  (r)  =  maxi- 
mum intensity  of  the  rainfall  in  inches  per  hour;  (^)=  duration  in 
minutes  of  such  intensity;  (<2)  =  sewer  discharge  in  cubic  feet  per 
second;  {A)  =  magnitude  of  the  entire  drainage  area  in  acres;  (?«)=  pro- 
portion of  impervious  surface  on  said  ai'ea,  which  is  also  substantially 
the  same  as  the  proportion  of  the  rainfall  discharged  during  the  period 
of  greatest  flow;  and  with  {a,  b  and  c)=  certain  empirical  constants,  we 
will  have  — 

(1st) Q=mAr; 

(2d) m  =  at; 

(.3d) r  =  b  —  ct; 

(4th) Q  =  Aat  [b—ct): 

and  for  the  usual  condition  under  which  (§)  will  become  a  maximum, 

we  obtain: 

(5th) A  a  [h—  2ct)  =  0,  whence  :..<  =  -• 

But  in  the  foregoing  it  was  shown  that  the  values  of  the  empirical 
constants  (/>)  and  (c)  were,  for  rainfalls  lasting  less  than  one  hour  in  the 
locahty  of  Rochester,  6  =  2.10  and  c  =  0.0205;  hence  the  duration  [f]  of 
the  heaviest  rain  which  will  cause  ( Q)  to  become  an  absolute  maximum 
is:  ^  =  51  minutes.  This  solution,  however,  is  to  be  regarded  simj^ly  as 
a  crude  apjiroximation  and  valid  only  under  certain  circumstances  ;  but 
it  suffices  to  show  that  in  drainage  areas  of  moderate  size,  the  heaviest 
discharge  always  occurs  when  the  rain  lasts  long  enough  at  its  maxi- 
mum intensity  to  enable  all  portions  of  the  area  to  contribute  to  the 
flow.  For  large  areas,  on  the  other  hand,  a  more  elaborate  analysis  be- 
comes necessary  in  order  to  find  under  what  conditions  the  absolute 
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maximum  discharge  will  occur,  although  the  method  of  procedure 
above  indicated  wiil  remain  the  same. 

The  i3resent  percentages  of  the  rainfall  discharged  from  the  afore- 
said urban  districts  cannot,  however,  be  regarded  as  permanent,  since 
improvements  are  constantly  being  made  by  the  construction  of  new 
buildings,  pavements  and  sewers  ;  hence  not  only  is  the  proportion  of 
impervious  surface  on  these  districts  steadily  growing,  but  the  time  re- 
quired for  the  concentration  of  the  storm-water  in  the  outlet-sewers  is 
also  becoming  materially  reduced.  In  iilanning  new  sewers,  therefore, 
it  will  be  necessary  to  provide  for  the  drainage  from  districts  which, 
sooner  or  later,  will  be  much  better  developed  than  any  of  those  de- 
scribed above  ;  and  in  the  absence  of  more  trustworthy  data,  we  may  be 
justified  in  concluding  that  the  greatest  percentages  of  discharge  from 
such  improved  districts  will  continue  to  be  i^ractically  equal  to  the  per- 
centages of  impervious  surface  thereon,  as  was  found  to  be  the  case 
with  the  five  districts  described. 

The  results  of  the  flood  gaugings  are  thus  seen  to  be  in  general  accord 
with  the  above  described  process,  suggested  by  the  writer  for  com- 
puting the  necessary  capacity  of  sewers  on  the  "combined"  system, 
and  hence  the  method  may  be  considered  as  reasonably  accurate.  To 
indicate  what  figures  the  writer  adopted  in  computing  the  maximum 
flow  in  the  several  sections  of  the  proposed  east  side  trunk  sewer,  it  may 
be  stated  that  four  different  classes  of  territory  were  taken  into  account, 
as  follows  :  Class  I,  with  50  persons  per  acre  and  55  per  cent,  of  imper- 
vious surface;  Class  II,  with  40  persons  per  acre  and  46  per  cent,  of  im- 
pervious surface;  Class  III,  with  25  persons  per  acre  and  27  per  cent,  of 
impervious  surface,  and  Class  IV,  with  15  persons  per  acre  and  14  per 
cent,  of  impervious  surface.  It  should  also  be  stated  that  the  central 
districts  of  the  city,  which  will  in  the  future  undoubtedly  afford  a  con- 
siderably higher  percentage  of  impervious  surface  than  has  been  as- 
signed to  Class  I,  are  not  embraced  in  the  drainage  area  of  said  trunk 
sewer ;  furthermore,  that  in  the  estimate  of  these  percentages  a  much 
better  condition  of  the  roadways  and  pavements  has  been  assumed  than 
now  prevails. 

In  conclusion,  it  may  be  of  interest  to  make  an  application  of  the 
above  method  and  compare  the  result  with  the  results  given  by  the 
four  formulas  mentioned.  For  this  purpose,  let  us  consider  District  I, 
already  described,  with  an  area  of  360  acres,  which  may,  in  the  future. 
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be  constituted  as  follows  :  60  acres  of  Class  I,  90  acres  of  Class  II,  120 
acres  of  Class  III,  and  90  acres  of  Class  IV,  thus  giving  119.4  acres,  or 
33  per  cent. ,  of  impervious  surface,  and  a  population  of  10  950,  or  an 
average  density  of  about  thirty  persons  per  acre  ;  these  conditions  will 
doubtless  be  recognized  as'representing  medium  urban  territory,  to  which 
any  of  the  four  formulas  are  directly  applicable;  furthermore,  let  it  be 
assumed  that  the  time  required  for  the  concentration  of  the  storm -waters 
at  the  lower  end  of  this  district  is  :  ^  =  44  minutes,  and  that  the  average 
surface  slope  of  the  streets  is  s=  xi u,  with  sewer  grades  ranging  from 
1  in  50  to  1  in  900,  the  main  collector,  however,  having  an  average  grade 
of  1  in  500.     For  the  probable  maximum  intensity  of  the  rainfall  con- 
tinuously during  forty-four  minutes  we  will   have    from  Equation  3  : 
r  =  2.10  —  0.0205/ =  1.20  inches  per  hour  (or  cubic  feet  per  acre  per 
second),  and  hence  the  volume  of  storm-water  running  off  into  the  sewers 
from  the  119 . 4  acres  of  impervious  surface  will  at  first  be  =  119 . 4  X  1.2 
=  143 . 3  cubic  feet  per  second  ;  but  as  the  rain  lasts  uniformly  for  so  long 
a  time,  it  may  be  considered  that  the  permeable  area  has  become  par- 
tially saturated,  and  will  toward  the  close  of  the  rain  be   contributing 
about   15   per  cent,   of  the  precipitation   thereon   to  the  sewers,  thus 
giving  an  additional  quantity  of  240  X  1.2  X  0.15  =43.2  cubic  feet  per 
second,  or  a  total  storm-flow  of  186.5  cubic  feet  per  second.     With  a 
water-supply   of    100   gallons  per  head  per  day,  and  one-half  of  this 
amount  flowing  off  as  sewage  uniformly  in  six   hours,  the  volume  of 
sewage  will  be  about  3 . 5  cubic  feet  per  second  ;  and  hence  the  required 
capacity  of  the  sewer  at  the  lower  end  of  said  district  should  be,  accord- 
ing to  the  writer's  method  :  Q  =190  cubic  feet  per  second. 

On  the  other  hand,  we  will  obtain  from  Hawksley's  formula,  which 
predicates  that  r  =  1.0,  and  that  (s)  is  the  sine  of  the  slope  of  the  out- 
let-sewer, or  in  this  case  s  =  5-J0: 

(1)  §=3.946  A  *^  =  68.97  cubic  feet  per  second;  or,  if  the 
formula  be  taken  as  above  transcribed,  with  r  =  1.2  and  (s)  denoting  the 
sine  of  the  average  surface  slope,  or  s  =  yi^: 

(1*)   q  =  3.946  Ar  ^  -jT  =  106.66  cubic  feet  per  second. 

From  Biirkli-Ziegler's  transcribed  formula,  with  the  average  value  of 
the  co-eflicient  =  3.515,  r  =1.2  and  s  =  tIo,  we  find: 

(2)  Q  =  3.515  ^?\  1  =  99-44  cubic  feet  per  second. 
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The  difficulty  liere  is  to  determine  what  value  shall  be  given  to  (?•), 
since  Biirkli-Ziegler  distinctly  states  that  it  should  be  the  maximum  which 
obtains  during  the  continuance  of  the  storm,  and  assigns  to  it  for  cen- 
tral Europe  values  ranging  from  1.75  to  2.75.  If  an  irregular  rain  last- 
ing forty -four  minutes  be  assumed,  it  is  easy  to  see  that  a  maximum 
intensity  of  2.40  inches  per  hour  might  prevail  for  a  few  minutes,  with 
lesser  rates  for  the  remainder  of  the  time,  and  giving  an  average  of 
1.2  inches,  as  above  computed;  and  with  r  =  2.40  we  would  have  double 
the  discharge  just  computed,  or  practically  the  same  as  the  volume  cal- 
culated by  the  writer's  method. 

From  Colonel  Adams'  formula,  as  transcribed,  and  which  originally 
predicates  r  =  1.0  and  (s)  as  denoting  the  sine  of  the  sloi^e  of  the  sewer, 
or  in  this  case,  s  =  -^^,  we  have : 

12  I   S 

(3)  Q  =  1.035  A  /-T^=  83.23  cubic  feet  per  second;  whereas,  if 
we  use  the  values  ?•  =  1.2  and  s  ^  ttitj  as  before,  we  will  obtain: 


(3*)  Q  =  1.035  Ar  ^^  ^4-2  =  107.05  cubic  feet  per  second. 


^^.4^r' 

In  like  manner  we  will  find  from  the  transcribed  McMath  formula, 
for  the  average  co-efficient  =  2.488  and  ?*  =  1.2,  with  s  =  i-gir* 

(4)    Q  =  2.488  Ar  .  /— =  121.41   cubic  feet  per  second;  but  if    (r) 

were  taken  at  the  value  adof)ted  for  St.  Louis,  i.  e.,  ?•  =  2.75,  the  dis- 
charge would  be  increased  to  aboiit  278  cubic  feet  per  second,  or  nearly 
fifty  x^er  cent,  more  than  the  volume  computed  by  the  writer's  method. 

In  the  choice  of  the  several  processes  of  estimating  the  required 
capacity  of  a  combined  sewer  for  a  populous  district,  it  must  be  remem- 
bered that  with  the  heavy  rains  of  frequent  occurrence  in  this  country, 
the  proportioning  of  sewers  by  Hawksley's  formula  has  usually  resulted 
in  floodings,  and  that  an  extensive  experience  with  the  other  formulas 
has  not  yet  been  gained.  The  above  investigations,  moreover,  show  that 
larger  quantities  of  storm-water  run  off  from  urban  surfaces  than  is 
commonly  supposed,  and  hence  it  is  obvious  that  a  more  r&tional  method, 
of  sewer  computation  is  urgently  demanded.  Much  room  for  improve- 
ment in  this  direction  is  still  left,  and  it  is  sincerely  hoped  that  the 
efforts  of  the  Avriter  will  be  amply  supplemented  by  many  valuable  sug- 
gestions and  experimental  data  which  other  members  of  the  Society 
may  generously  contribute. 
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50      KUICHLIXG    OJS"    RAINFALL    AMD    DISCHARGE    OF   SEWERS. 

TABLE  No.  4. 

Showing  duration  of  the  maximum  intensity  of  the  principal  rainfalls 
at  Rochester,  N.  Y.,  from  October  1st,  1887,  to  October  1st,  1888. 


Date. 


May  r2tb,  1S88., 
May  26tli,  13SS.  , 
June  ■2d,  1888  . . , 
June  24t]i,  1888. 
June  24th,  1888. 
June  28th,  1888. 

July  nth,  1888. 
July  18th,  1888. 


August  41h,  1888. 


August  16th,  1888 

August  17th,  1888 

August  26th,  1888.... 

September  16th,  1888. 


December  10th,  1887..]       0.310 

I 
April  5th,  1888 I       0.240 

May  4th,  1838 i      0.300 

May  9th,  1888 


1.315 

to 
0.348 


0.300 
1.000 
0.400 
1.600 
2.620 
0.800 

0.760 
0.750 

1.000 

1.616 

1.333 

3.200 
2.500 
0.470 


H.  M. 
1  00 


0  30 

0  13 

0  35 
0  35 

0  30 

0  13 

0  15 

0  30 

0  20 

0  20 

0  15 

0  10 

0  12 
0  15 
0  10 
0  14 

0  50 


Kem.\rks. 


Preceded  by  two  hours'  light  rain  and  followed  by 
one  and  a  half  hours'  light  rain.  Uniformly 
distributed. 

Preceded  and  followed  by  light  rain,  lasting  from 
one  hour  to  one  and  a  half  hours.  Uniformly 
distribiited. 

Preceded  by  eight  minutes'  moderate  rain  and  fol- 
lowed by  twenty  minutes'  drizzling  rain.  Uni- 
formly distributed. 

Sudden  heavy  shower,  followed  by  drizzle  last- 
ing one  hour.  Direction  from  S.  W.  to  N.  E. 
Not  uniformly  distributed.  In  extreme  eastern 
districts  maximum  intensity  was  only  0.35 
inches  per  hour. 

Preceded  by  twenty  miniites'  moderate  rain,  and 
followed  by  ten  minutes  of  light  rain.  Not 
very  uniform. 

Preceded  by  short,  heavy  shower,  and  fifteen 
minutes'  light  rain,  and  followed  by  short, 
light  rain  and  drizzle.     Uniformly  distributed. 

Sudden  heavy  shower,  followed  by  fifty  minutes' 
light  rain  and  drizzle.  Was  a  little  heavier 
on  west  side.  • 

Sudden  heavy  shower  No.  1,  followed  by  twenty- 
seven  minutes  of  light  rain  and  drizzle.  Ap- 
parently uniform. 

Sudden  heavy  shower  No.  2,  followed  by  twenty- 
eight  minutes  of  light  rain.  Apjiarently  uni- 
form. 

Preceded  by  sharp  shower  and  forty-five  minutes' 
light  and  moderate  rain,  and  followed  by  ten 
minutes'  light  rain,  and  then  by  sharp  shower. 
Apjiarently  evenly  distributed. 

Preceded  by  twenty  minutes'  moderate  rain.  Not 
very  uniform. 

Preceded  by  twenty-five  minutes'  light  rain,  and 
followed  by  forty-five  minutes'  moderate  rain. 
Much  heavier  on  west  than  east  side. 

Sudden  heavy  shower,  followed  by  one  hour's 
moderate  rain  with  light  showers.  Probably 
not  very  uniform. 

Sudden  heavy  shower,  followed  by  fifteen  minutes' 
moderate  rain  :  thi-ee  hours'  previously  heavy 
rain.    Not  uniform. 

Sudden  heavy  shower,  followed  by  one  hour's 
moderate  rain.  Kained  some  hours  previously. 
Apparently  unilbim. 

Siiddeu  heavy  !?hower  with  hail,  followed  by 
eight  minutes'  moderate  rain.  Fairly  uni- 
formly distributed.  Deducting  hail,  rate  would 
be  about  2.5  inches. 

Sudden  heavy  rain,  followed  by  twenty-flve 
minutes'  light  rain.  Had  rained  some  hours 
previously.    Apparently  uniform. 
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DISCUSSION. 


By  EuDOLPH  Heeixg,  M.  Am.  Soc.  C.  E. 

There  is  no  doubt  that  all  engineers  who  are  engaged  on  muni- 
cipal works  are  very  much  interested  in  the  subject  which  has  been  so 
ably  treated  by  Mr.  Kuichling.  Its  importance  is  clear  from  the  fact 
that  if  we  make  our  sewers  too  large  we  spend  more  money  than 
necessary,  and  if  iu  Iniilt  up  cities  we  make  them  too  small  they  are  apt 
to  cause  considerable  damage  by  flooding  cellars.  Therefore  we  are 
very  anxious  to  know  as  nearly  as  possible  the  maximum  quantity 
of  rain-water  for  which  provision  is  necessary.  I  have  myself  been 
particularly  interested  in  the  subject,  and  have  often  urged  engineers 
to  make  experiments  regarding  the  amount  of  rainfall  entering  sewers. 
Tery  little  positive  information  is  known  about  it  either  in  our  country 
or  in  Europe.  There  seems  to  be  difficulty  in  convincing  some  muni- 
cipal couucilmen  that  the  automatic  rain-gauge,  for  instance,  is  any- 
thing but  a  costly  scientific  play -thing;  that  was  an  objection  I  heard 
made  some  years  ago. 

You  will  remember  there  was  a  committee  appointed  by  the  Society 
last  year  to  urge  upon  Congress  the  importance  of  having  the  Signal 
Service  Bureau  use  automatic  rain-gauges  in  the  i^rincipal  cities,  and  a 
communication  was  sent  to  Washington  asking  for  an  appropriation  of 
S2  000  for  this  purpose.  This  sum  was  not  granted;  but  General  Greeley 
has  been  enabled  from  his  other  funds  to  have  some  of  these  gauges 
erectei,  and  I  believe  there  are  some  working  now. 

He  has  also  recently  collected  and  published  in  the  "Weather 
Review "  the  results  of  a  large  number  of  stray  observations  which 
show  what  heavy  rainfalls  we  have  in  a  very  short  duration  of  time.-  I 
thought  before  that  a  fall  at  the  rate  of  4  inches  an  hour  was  very  rare, 
but  I  have  come  to  the  conclusion  that  we  must  have  many  storms  Avith 
at  least  such  intensity.  I  have  here  an  extract  from  the  "Efeview,"  in 
which  I  included  rainfalls  of  over  3  inches  in  an  hour,  2  inches  in  half 
an  hour,  and  1  inch  in  ten  minutes. 

In  Xew  York,  Dr.  Draper,  of  the  Observatory  at  the  Park,  has  kept 
an  automatic  registration  since  1880,  and  from  this  I  have  taken  the 
maximum  intensity  of  storms  for  a  few  minutes,  in  order  to  determine 
the  probable  maximum  quantity  of  water  reaching  the  house  drains. 

If  we  reduce  these  amounts  to  a  rainfall  of  inches  per  hour,  we  have 
four  storms  in  New  York  City  since  1880  which  exceeded  the  rate 
of  4  inches  an  hour,  continuing,  at  this  rate,  at  least  five  minutes,  two 
storms  exceeding  the  rate  of  6  inches  an  hour  for  at  least  three  minutes, 
and  one  storm  exceeding  the  rate  of  7  inches  an  hour  for  two  minutes. 
Four  times  within  the  last  eight  vears  has  there  been  a  fall  at  the  rate  of 
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5  inches  an  hour  for  at  least  five  minutes,  sufficiently  long  to  allow  the 
water  from  the  roofs  to  get  into  the  house  drains. 

Complaints  have  often  been  made  to  the  Board  of  Health  that  the 
drains  were  too  small  and  an  investigation  was  made  by  the  Department 
of  Public  Works  to  find  out  whether  they  were  or  not.  The  result  in- 
dicated that  6-inch  j^ipes  draining  a  property  having  25  feet  front,  laid 
at  a  grade  of  i  inch  to  the  foot,  were  large  enough  to  take  a  rainfall 
having  the  intensity  of  6  inches  per  hour. 

The  Department  of  Public  Works  has  made  gaugings  of  the  flow  in  a 
large  sewer,  but  I  regret  to  say  that  as  the  results  have  not  yet  been  re- 
ported to  the  Commissioner,  I  am  not  able  to  give  any  details.  But  the 
large  figures  that  Mr.  Kuichling  has  arrived  at  are  fully  verified  by  the 
observations  made  here.  It  is  certain  that  we  have  generally  under- 
estimated the  quantity  of  water  that  comes  into  the  sewers  in  our  most 
populous  cities. 

The  gaugings  I  refer  to  were  made  in  a  district  of  New  York  which  is 
pretty  densely  built  up.  It  has  been  found  that  three  times  during  the 
last  year,  when  the  maximum  rainfalls  were  not  over  .6  of  an  inch  in 
ten  minutes,  more  than  1  cubic  foot  per  second  per  acre  reached  the 
sewer.  That  is  considerably  more  than  is  given  by  the  formulas  we 
have  been  in  the  habit  of  using. 

In  connection  with  this  work  I  tried  to  collect  all  the  relative  data 
that  were  available,  and  proceed  somewhat  on  the  method  adopted  by 
Mr.  McMath  in  a  paper  read  before  this  Society  December  15th,  1886,  by 
recording  the  elements  of  sewers  that  were,  and  those  that  were  never, 
overtaxed  by  the  heaviest  rains.  Then,  by  drawing  a  line  between  the 
lolottings  of  the  two  results,  we  obtain  the  approximate  capacity  which 
the  sewers  ought  to  have.  I  have  collated  a  number  of  such  data,  and . 
arranged  them  in  tabular  form,  which  I  think  indicate  very  closely  the 
maximum  flow  from  the  heaviest  rains. 

These  results  show  that  some  of  our  sewers  have  been  built  too 
large,  and  others  too  small. 

The  Chair. — May  I  ask  Mr.  Hering  if  it  is  intended  to  publish  the 
results  of  his  experiments  when  they  are  completed  ? 

Mr.  Heking. — They  will  be  presented  to  Mr.  D.  Lowber  Smith,  Com- 
missioner of  Public  Works  and  Member  of  the  Society.  In  a  conver- 
sation with  him  he  said  that  the  detailed  matter  would  probably  be  a 
better  subject  for  a  paper  to  be  presented  to  the  Society  than  to  print  ifc 
in  the  Commissioner's  Annual  Report,  as  the  public  are  not  particularly 
interested  in  technical  details  of  this  nature. 

I  think  there  is  one  point  in  Mr.  Kuichling's  formula  which  presents 
a  little  difficulty.  He  introduces  the  element  of  time.  Now,  that  is 
rather  difficult  to  fix  upon  in  practice.  Recognizing  this,  I  tried 
another  plan,  one  which  I  thought  more  practicable,  and  that  is  by  sub- 
stituting the  average  slope  of  the  ground.     The  diagrams  are  arranged 
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SO  that  the  ordinates  represent  the  dischai-ges,  and  the  abscissas  the 
drainage  areas.  The  discharges  from  different  areas  having  the  same 
slope  are  united  by  one  ciirve.  For  the  same  area  it  is  seen  that  the 
greater  the  slope,  the  greater  will  be  the  discharge,  so  that  the  element 
of  time  is  introduced  in  that  way. 

MAxnruM  RainfaIiLS  in  short  i^eriods  of  ten  minutes  or  less  between 
January,  1880,  and  January,  1888,  as  recorded  by  the  New  York 
Meteorological  Observatory. 


Date. 


May  22(1,  1881 

June  5th,  188.5 

6th.  1883 

loth,  1882 

26th.  1888 

29th,  1882 

July  12th,  1884 

19th, 18S8 


Max.  fall  in 

Time  in 

inches. 

minutes. 

1.15 

.10 

.30 

.03 

.4i 

.05 

.35 

.10 

.45 

.10 

.50 

.10 

.4l» 

.10 

.39 

.10 

Date. 


July  27th,  1880 

AugUBt  4th,  1888.... 
5th,  1884.... 
18th,  1887..., 
21st,  1888  ... 
September  2l8t,  1882 
November  8th,  1888 
18th,  1886 


Max.  fall  in 
inches. 


.50 
.59 
.45 
.43 
.40 
.45 
.19 
.25 


Time  in 
minutes. 


.10 
.10 
.05 
.05 
.10 
.08 
.05 
.02 


Maximum  RAiNTAiiLS  compiled  from  Monthly  Weather  Review,  United 
States  Signal  Service,  and  published  during  the  year  1888,  having 
falls  of: 

3 . 0  inches  in 1  hour    0  minutes. 

2.0        "         30 

1.0        "         10 

and  over. 


State. 


New  Hampshire. 
Massachusetts  . . 


City. 


Auburn August  27th.  1877. 

Amherst Julv  16th,  1879.... 

Boston June  29th.  1879... 

JNewLake August  9th,  1878.. 

Rhode  Island jProvidence 6th,  1878.. 

I  "  6th,1878.. 

Connecticut Southington June  29th,  1879  . . . 

New  York Albany July  10th,  1876.... 

New  Jersey New  Brunswick  ....  August  2ii,  1S87. .. 

Delaware Ft  Delaware 31st,  1868.. 

Pennsylvania Erie June  17th,  1885.  .. 

Philadelphia July  26th.  1887 

"  I  "  August    3d,1885.. 

Hulmeville 25th,  1880. 

"  WeUsborough 21st,  1885.. 

I  "  July  16th,  1880 

"  June  19th,  1882  ... 

Ohio College  Hill May  27th,  1888. . . . 

"    Sandusky .July  llth,  1879.... 

"    '■         June  17th,  1881... 

"    Portsmouth 22d,  1851 

"    Grace July   9th,  1888 

"    Urbana 10th,  1879.... 


AMOO'T 

Time 

IS  ISCHES. 

Hbs.  Mrs. 

3.00 

0.35 

2.00 

0.2O 

2.00 

0.30 

6.. 50 

3.00 

4.49 

1.00 

3.50 

0.36 

1.45 

0.15 

1.22 

0.10 

4.50 

1.00 

3.00 

0.50 

1.02 

0.15 

0.62 

0.07 

1.50 

0.20 

2.20 

0.35 

1.95 

0.30 

1.78 

0.25 

2.60 

0..50 

2.33 

0.30 

2.25 

0.15 

1.90 

0.30 

1.75 

0.15 

7.00 

2.00 

2.00 

0.25 
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State. 


City, 


Date. 


Indiana  . 

Illinois., 


Michigan. 


Nebraska. 


Dakota... 
Missouri. 
Kansas... 


Tesas., 


Mississippi 
Alabama  . . . 
Tennessee.. 


West  Virginia. 
Virginia 


North  Carolina. 

South  Carolina. 

Georgia 

Florida 


Indianapolis July  12th,  1876 

Logansport 7th,  1879 

CoUiusville May  23d,  1888 

Bunker  Hill August  24th,  1882 

Springfield 31st.    1881 

Philo July  8th,  1888 

Adrian April  5th,  1888 

Alpena September  10th,  1881 . 

" June  24th,  1880 

Detroit August  31st,  1878 

Denmark April  8th,  1882 

"       lune  25th,  187y 

Cresco July  21st,  1883 

Amana 31st,  1878 

Nashua    3d,  1882 

Des  Moines June  24th,  1879 

jOctober  15th,  1880 

Osage August  26th,  1881 

Clear  Creek |july  7th,  1880 

June  )  3th,  1879 

j  2)tb,  1882 

Ft.  McPherson ,May  25th,  1868 

27th,  1868 

Sidney  Barracks IJuly  19th,  1875 

Huron jJuly  26th,  1885 

Ft,  Randall June  28th,  1873 

St.  Louis September  19th.  1849. 

I  August  15th.  1848 

Ft.  Riley JApril  13th,  1885 

Ft.  Scott October  2d,  1881 

Ellin  wood |  August  20th,  1875 

Dodge  City.... 
Brownsville ... 

Austin 

Galveston 


Mesquite. 


Nelson 

Rio  Grande. 
Embarras  . . . 
Pilot  Point.. 
Vicksburg  . . 
Newmarket  . 
Knoxville  ... 
Nashville.. .. 
Greenville... 
Wellsbnrg... 
Keswick  .... 
Wytheville. . 

Norfolk 

Els  worth 

.\ttaway 

Aiken 

Savannah 

Jacksonville. 


Biscayne. . 
Titusville. 


Jane  19th,  1888. 

October  23d   1884 

May  7th.  1884 

June  4th,  1871 

17th, 1888 

February  27th,  1872... 
22d,  1888... 

November  2d,  1873 

5th,  1877.... 

October  30th,  1877 

?  1875.... 

August  llth,  1875 

September  30ih,  1881.. 

May  29th,  1885 

28th,  1881 

April  2Sth,  1879 

November  15th,  1879.. 
September  4th.  1883.. 

March  12th.  1878 

July  8th,  1878 

March  27th,  1885 

September  20th,  1883. 

June  3d,  18S1 

2.51h,  1875 

August  20th,  1888 

4th.  1880 

June  17th,  1876 

August  14th,  1878 

21st,  1876 

20th. 1873 

April  23d,  1883 

July  6th,  1886... 

March  28th,  1874 

April  19th,  1883 


Amount 
IN  Inches. 


2. 40 
3.50 
1.70 
3.20 
3.18 
1.20 
1.50 
1.05 
2.00 
2.48 
1.87 
2.02 
4.30 
1.56 
2,00 
3.00 
2.30 
1.40 
4.50 
2.00 
3.0  { 
2.75 
1.50 
4.00 
1.30 
1.56 
3.00 
5.05 
2.70 
1.80 
3.20 
3.24 
1.20 
2.50 
3.95 
2.00 
3.04 
3.31 
3.50 
1.48 
2.12 
3.38 
2.12 
4.00 
3.75 
2.30 
3.00 
1.82 
4.80 
1.08 
2.90 
2.00 
4.50 
2.00 
2.70 
2.48 
9.00 
2.00 
4.00 
3.40 
3.72 
1.50 
3.49 
4.10 
1.78 


Time 
Hbs  Min. 


0.25 

0.30 

0.12 

1..S0 

1.00 

0.15 

0.10 

0.11 

0.30 

0.45 

0,30 

0.30 

1.00 

0.15 

0.30 

1.00 

0.30 

0.15 

1.27 

0.25 

0.35 

0.30 

0.05 

1.30 

0.10 

0.15 

1.00 

0.15 

0,45 

0.20 

1.00 

0.45 

0.06 

0.48 

0.14 

0.30 

0.55 

1.00 

0.30 

0.15 

0.25 

1.00 

0.15 

1.30 

1.00 

0.15 

0.45 

0.22 

2.00 

0.15 

0.48 

0.15 

2.15 

0.30 

0.44 

0.10 

3.30 

0.30 

1.00 

1.05 

0.41 

0.20 

0.40 

(T.30 

0.25 
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iDiscTJSsionsr 

ON 

ENGLISH    EAILROAD    TEAOK.* 


Bj  J.  H.  Cunningham,  M.  Am.  Soc.  C.  E. 
And  E.  E.  KussELii  Tkatman,  Jun.  Am.  Soc.  C.  E. 


Mr.  J.  H.  Cunningham. — Mr.  Tratman  gives  details  and  descrip- 
tions of  the  track  of  several  English  railways  which  appear  to  be 
fall  and  accurate,  and  which  will  aflford  to  those  who  are  not 
familiar  with  the  bull-head  rail  and  chair  a  good  idea  both  of  the 
several  pieces  of  which  that  kind  of  permanent  way  consists,  and 
of  the  manner  in  which  they  are  put  together.  No  doubt  a  good 
deal  might  be  advanced  in  su^jport  of  his  statement  that  in  the 
Colonies  "a  much  greater  extent  of  country  might  have  been  developed 
and  made  productive  "  if  cheaper  railways  had  been  constructed, 
and  perhaps,  in  some  cases,  a  legitimate  saving  might  have  been 
eflfected  by  using  the  flange  rail  instead  of  the  English  type  of  track. 
In  several  important  Colonies  this  was  done,  and  the  English  track 
was  not  introduced.  I  believe  he  is  practically  correct  in  stating  that 
the  flange  rail  "is  now  the  standard  section  of  the  world,  being  a  case  of 
the  survival  of  the  fittest,  improved  upon  by  successive  generations, " 

*  English  Kailroad  Track,  by  E.  E.  Russell  Tratman,  Transactions,  Vol.  XVIIl,  No.  388, 
page  217. 
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In  view  of  tliis  it  is  not  surprising  that  he  finds  it  a  little  difficult  to 
understand  why  flange  rails  "are  not  favorably  considered  for  English 
railroads,"  and  why  lines  "which  were  formerly  laid  with  these  rails 
have  been  relaid  with  the  bull-headed  rail. "  But  I  cannot  agree  with  him 
in  thinking  that  "there  can  be  little  doubt  that  if  English  railroad  com- 
panies would  adopt  a  well  designed,  heavy  flange  rail,  and  give  it  good 
joints  and  fastenings,  they  would  have  a  track  fully  as  safe  and  efficient 
as  the  jiresent  system,  and  costing  no  more  for  maintenance,  but  effect- 
ing a  considerable  saving  in  first  cost."  Mr.  Tratman  bases  this  asser- 
tion on  the  ground  that  the  flange  rail  answers  well  iu  all  other  jjarts  of 
the  world,  and  that  its  capabilities  have  been  proved  on  the  principal 
lines  in  the  Eastern  States,  where  the  traffic  is  heavy  and  fast.  But  it 
does  not  necessarily  follow  that  because  tlie  flafUge  rail  is  found  to  answer 
well  in  these  places,  it  would  be  satisfactory  in  England.  The  fact  is 
that  a  great  many  tracks,  including  flange  rails,  have  been  tried  on  Eng- 
lish railways,  and  if  we  accej^t  the  testimony  of  those  in  charge  of  these 
roads  we  must  conclude  that  nothing  better  adapted  to  their  require- 
ments than  the  bull-head  rail  and  chair  has  been  produced  up  to  the 
present  time.  Mr.  Tratman  has  collected  the  views  of  several  English 
engineers,  and  his  descriptions  and  drawings  show  plainly  enough 
what  are  the  views  of  others  from  whom  he  has  not  heard,  and  their 
unanimous  opinion  is  that  the  flange  rail  is  unsuitable  for  the  work 
which  has  to  be  done  on  their  roads.  He  admits  that  "so  much  testi- 
mony from  so  many  sources  must  needs  have  some  truth,"  but  at  the 
same  time  he  remarks,  "  of  course  "  this  opinion  "  is  largely  a  matter  of 
prejudice." 

Now  I  venture  to  think,  that  this  testimony  contains  much  more 
truth  and  much  less  prejudice  than  Mr.  Tratman  supposes,  and  that  a 
sound  conclusion  as  to  the  best  form  of  track  for  English  or  other  roads 
doing  heavy  work  is  not  likely  to  be  reached  if  we  ignore  it.  At  least 
before  dismissing  it  let  us  clearly  understand  the  nature  of  the  experi- 
ence from  which  it  has  been  derived.  Let  us  understand  whether  these 
ojjinions  have  been  formed  from  experience  obtained  on  small  roads,  or 
roads  with  light  traffic,  or  from  experience  obtained  on  large  roads  with 
large  quantities  of  heavy  traffic.  Let  us  understand  whether  the  roads 
Mr.  Tratman  has  heard  from  are  fairly  typical  English  railways  or  small 
and  obscure  branch  Hues.  Surely  it  is  necessary  to  have  such  informa- 
tion before  we  can  form  sound  conclusions  as  to  the  value  of  this  testi- 
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monv.  But  Mr.  Tratman  gives  no  bint  of  the  existence  of  differences 
of  this  kind  iu  the  roads  he  tells  ns  about,  and  in  some  cases  the  differ- 
ences are  very  great.  For  instance,  on  page  222  we  find  the  opinions 
of  officials  of  the  Isle  of  Wight  Railway  and  of  the  Great  Western  Rail- 
way given  without  note  or  comment.  Possibly,  some  of  Mr.  Tratman's 
readers  may  know  that  one  of  these  is  a  small  railway  and  the  other  a 
large  one,  but  they  may  not  fully  realize  how  great  the  difference 
between  them  is.  The  fact  is,  that  the  mileage  of  the  Great  Western 
considerably  exceeds  that  of  any  other  English  railway,  and  its  capital 
amounts  to  over  ^3  600  000  000,  while  the  capital  of  the  Isle  of  Wight 
Railway  is  not  quite  -Si  800  000.  The  Isle  of  Wight  Railway  is  a  profit- 
able concern;  but  experience  obtained  from  it  gives  no  information 
about  "English  railroad  track,"  because  it  is  not  a  typical  Eughsh 
railroad.  Mr.  Tratman  must  surely  attach  far  too  much  importance  to 
the  information  which  he  has  received  from  this  and  somewhat  similar 
lines,  or  he  would  not  publish,  so  much  of  it  as  he  does.  Perhaps,  at 
the  same  time,  he  does  not  give  due  value  to  the  testimony  which  he 
has  received  from  lines  that  are  large  and  important.  He  refers,  at  some 
length,  to  thirteen  lines.  Seven  of  these  are  small  or  have  little  traffic, 
and  what  may  be  done  on  them  is  no  guide  as  to  what  ought  to  be  done 
on  "English  railways."  The  remaining  six  are  fairly  tyi>ical  English 
roads,  having  all  kinds  of  traffic.  Some  of  them  serve  manufacturing 
and  mining  districts  and  some  agricultural.  They  all  do  a  large  general 
passenger  business,  and  some  of  them  have  also  a  large  amount  of 
suburban  traffic,  in  the  neighborhood  of  London  and  other  great  cities. 
These  six  railways  are  the  Great  Western,  the  Great  Northern,  the  Great 
Eastern,  the  North  Eastern,  the  Lancashire  and  Yorkshire,  and  the 
Midland.  The  capital  invested  in  these  roads  exceeds  SI  662  500  000, 
and  they  earn  a  net  annual  revenue  of  nearly  877  500  000.  Now,  it 
appears  to  me,  that  the  deliberate  opinion  of  those  iu  charge  of  a  rail- 
way system  of  this  magnitude,  based  upon  exiDerience  which  has  been 
obtained  during  many  years  of  siiccessful  working,  ought  not  lightly  to 
be  dismissed  as  "largely  a  matter  of  in-ejudice."  Further,  the  evidence 
in  favor  of  the  bull-head  track,  which  Mr.  Tratman  lays  before  his 
readers,  and  which  he  is  so  ready  to  treat  as  of  little  value,  is,  in  reality, 
not  half  of  what  may  be  produced.  There  are  eight  lines,  each  having  a 
capital  which  exceeds  SlOO  000  000,  from  which  Mr.  Tratman  has  not 
heard  at  all,  or  about  which  he  tells  us  little,  besides  several  smaller 
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though  important  lines,  all  of  which  use  the  bull-head  track.  In  these 
roads,  including  the  six  just  named,  more  than  ^4  000  000  000  have  been 
invested,  earning  a  net  annual  revenue  of  ^162  500  000,  The  stocks  of 
these  roads  are  poi)ular  and  sound  investments.  But  the  income  on 
which  the  value  of  these  stocks  dejjends  is  only  maintained  by  vigilant 
economy.  Every  year  more  work  has  to  be  done  for  every  $1  which  is 
earned.  The  public  demand  better  accommodation,  faster  and  more 
frequent  trains,  cheaper  fares  and  rates,  and  these  can  only  be  provided 
Avithout  reducing  the  dividends  by  taking  full  advantage  of  improve- 
ments which  reduce  the  exi^enses  of  working  and  maintenance.  It  is 
difficult  to  believe  that  those  who  manage  this  large  and  valuable  prop- 
erty are  seriously  in  error  as  to  the  type  of  track  most  suitable  for  their 
work,  and  in  view  of  the  oiiinions  expressed  bv  these  gentlemen,  it 
appears  to  me  extremely  doubtful  that  the  alteration  suggested  by  Mr. 
Tratman  would  be  an  improvement. 

So  far  I  have  dealt  with  the  magnitude  of  the  system  which  has 
for  its  standard  track  the  bull-head  rail,  for  the  magnitude  of  the  in- 
terests involved  in  the  roads  which  use  that  kind  of  track  gives  great 
weight  to  the  favorable  opinions  which  their  officials  have  formed  of  it. 
Additional  weight  will  be  given  to  the  views  of  these  gentlemen  if  we 
reflect  on  their  remarkable  unanimity  in  regard  to  this  matter.  There 
are  many  differences  in  the  details  of  the  tracks  on  their  roads,  but  yet 
in  important  features  they  are  all  much  alike.  As  Mr.  Tratman's  draw- 
ings and  descriptions  show,  various  forms  of  fishing  are  in  use,  and 
various  kinds  of  bolts  and  spikes  for  connecting  the  chairs  to  the 
sleepers.  There  are  also  little  differences  in  the  rail  sections  and  in  the 
shapes  of  the  chairs.  But  in  the  track  of  each  road  we  find  an  80  to  85 
pounds  steel  rail,  in  30-foot  lengths,  carried  in  cast-iron  chairs  weighing 
40  to  56  jDounds  each,  and  resting  on  transverse  sleepers  10  x  5  x  9 
inches,  i^laced  about  2  feet  8  inches  apart,  center  to  center.  The 
English  railway  system  has  gradually  grown  up  during  the  last  fifty 
years.  During  the  first  half  of  that  period  a  great  many  kinds  of  per- 
manent way  were  ti-ied.  Experience  has  shown  that  the  bull-head  track 
is  the  "  fittest,"  and,  accordingly,  it  has  survived  them  all.  Not  only  is 
there  remarkable  unanimity  among  English  engineers  as  to  the  superi- 
ority of  the  bull-head  track,  but,  as  we  have  just  seen,  there  is  even 
great  unanimity  as  to  the  dimensions  which  must  be  given  to  its  princi- 
pal parts.     An  opinion  about  which  there  is  so  much  unanimity  among 
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persons  well  qualified  to  judge  miist  surely  contain  much  trutli  and  de- 
serve to  receive  more  careful  consideration  than  Mr.  Tratman  seems  dis- 
jjosed  to  allow  it. 

There  are  some  minor  points  in  Mr.  Tratman's  paper  about  which 
he  states  the  truth,  but  not,  I  think,  the  whole  truth. 

On  page  221  lie  tells  us  that  "  it  is  pleasant  to  hear  the  general  ap- 
proval "  of  the  flange  rail  "  from  Ireland."  Three  of  the  lines  he  pub- 
lishes information  from  are  Irish,  and  the  approval  of  the  flange  rail, 
if  "  general,"  is  also  somewhat  qualified.  On  one  of  these  roads  the  bull- 
head rail  is  considered  best  for  heavy  traffic,  on  another  it  is  considered 
best  for  steep  grades  and  sharp  curves,  and  the  engineer  of  the  third 
thinks  the  flange  rail  "nearly  as  steady  as  the  bull-head."  On  Irish 
roads  the  average  gross  receipts  are  little  more  than  £1  000  per  mile  per 
annum,  whereas  English  railways  earn  four  times  as  much,  and  these 
figures  represent  fairly,  though  perhaps  roughly,  the  amount  of  traffic. 
As  the  flange  rail  is  not  found  suitable  for  the  heavy  work  on  Irish  rail- 
ways, it  does  not  seem  probable  that  it  would  stand  the  much  heavier 
work  on  English  lines. 

On  page  247  we  are  told  that  "a  75-pound  steel  flange  rail  would 
probably  be  of  ample  strength  for  the  traffic  "  on  the  Speyside  Division 
of  the  Great  North  of  Scotland  Railway.  Perhaps  it  might  even  suffice 
for  the  traffic  of  the  main  line.  This  line  serves  a  thinly  peopled  dis- 
trict, and  its  traffic  is  only  about  £1  100  per  mile.  If  its  officers  have 
not  adopted  the  best  kind  of  track  for  their  road,  it  is  a  very  small  mat- 
ter, and  the  experience  on  their  line  is  no  guide  as  to  what  should  be 
done  on  English  railways. 

On  page  242  we  are  told  that  the  "  original  track  of  the  West  Eiding 
and  Grimsby  Railway  was  a  good  example  of  a  heavy  flange  rail  track;" 
but  that  when  the  line  was  acquired  by  the  Great  Northern,  it  was  relaid 
■with  their  standard  track,  "entailing  what  would  seem  to  have  been  an 
enormous  and  unnecessary  expense."  The  "West  Riding  and  Grimsby 
was  acquired  by  the  Great  Northern  in  1865,  and  now  forms  a  part  of 
their  main  line  between  the  West  Riding  of  Yorkshire  and  London. 
The  West  Riding  has  a  i^opulation  of  over  three  millions,  chiefly 
engaged  in  manufactures  of  various  kinds,  also  in  mining.  Any  line 
which  connects  a  district  of  this  kind  with  London  obviously  must  carry 
a  great  deal  of  traffic  of  all  kinds,  and  in  the  absence  of  particulars, 
surelv  we  must  assume  that  the  officials  of  a  lars^e  and  well  managed 
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railway  like  the  Great  Northern  did  not  change  this  track  without  hav- 
ing good  feasons  for  doing  so. 

On  page  218  we  are  told  that  the  English  track  requires  "  a  large 
amount  of  unnecessary  metal,"  This  assertion  may  be  doubted,  in 
view  of  the  general  considerations  w^hich  I  have  already  advanced.  But 
the  following  facts  may  throw  some  additional  light  on  this  point.  On 
roads  having  the  average  English  gross  receipts,  viz.,  £4  250  per  mile 
per  annum,  a  chair  weighing  about  40  pounds  is  generally  used.  But  the 
Midland,  on  which  the  receij^ts  are  £5  250  per  mile,  has  adopted  a  50- 
pound  chair,  and  the  Lancashire  and  Yorkshire,  on  which  the  receipts 
amount  to  £8  000  per  mile,  uses  a  56-pound  chair.  This  seems  to  indi- 
cate that  there  is  no  unnecessary  metal  in  the  ordinary  bull-head 
track,  but  that  when  more  than  the  average  traffic  has  to  be  carried  it  is 
necessary  to  increase  the  weight  of  the  average  track.  I  may  add  that 
during  the  last  fifteen  or  twenty  years  the  weight  of  rails  in  use  on 
English  railways  has  risen  from  75  to  80,  85  and  even  90  pounds  per 
yard,  steel  having  been  substituted  for  iron  during  the  same  period, 
while  the  weight  of  the  chairs  has  been  increased  from  30  to  40,  50  and 
56  pounds. 

On  page  224  Mr.  Tratman  suggests  that  the  flange  rail  may  have  been 
discarded  on  English  railways  on  account  of  the  rigid  wheel  base  so 
common  in  English  locomotives  and  rolling  stock.  Rolling  stock  of 
this  kind  may,  he  thinks,  require  a  more  substantial  and  expensive  track 
than  is  necessary  for  an  equipment  mounted  on  bogies.  This  may  to 
some  extent  be  the  case.  But  the  bogie  controversy  is  too  large  to  enter 
upon  here;  and  I  will  merely  remark  that  the  English  locomotive  has 
been  developed  by  the  same  process  and  under  the  same  conditions  as 
the  English  track,  and  it  will  require  something  more  than  mere  asser- 
tion, unsupported  by  facts  or  figures,  to  show  that  either  the  one  or  the 
other  is  not  the  type  best  suited  to  the  exigencies  of  English  traffic. 

In  conclusion,  may  I  say  that  I  am  not  anxious  to  defend  the  bull- 
head rail,  nor  can  I  maintain  that  English,  and  perhaps  even  other 
engineers,  are  at  all  times  wholly  free  from  iirejudice.  But  in  reading 
Mr.  Tratman's  paper,  it  occurred  to  me  that  the  valuable  information  he 
has  gathered  as  to  permanent  way  might  give  erroneous  imjiressions  as 
to  English  track,  owing  to  the  absence  of  any  information  as  to  the 
character  of  the  roads  he  has  heard  from.  I  felt  that  without  some 
knowledge  of  the  magnitude  of  these  roads  and  of  the  nature  of  their 
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traffic,  too  ranch  importauce  might  be  attached  to  some  of  his  state- 
ments, while  the  full  significance  of  others  might  not  be  ijroijerly  ap- 
preciated. Therefore,  I  have  endeavored  to  give  briefly  and  without 
detail  a  few  facts  concerning  traffic  and  finance,*  which,  I  think,  ought 
to  be  taken  into  consideration  along  with  the  facts  Mr.  Tratman  has  laid 
before  us,  in  order  that  sound  conclusions  may  be  formed  as  to  English 
railroad  track. 

Mr.  E.  E.  Russell  Tratman. — Having  had  an  opportunity  of  looking 
through  Mr.  Cimningham's  paper,  I  have  been  able  to  prepare  the 
following  replies  to  his  comments  and  objections. 

Mr.  Cunningham  dissents  from  the  opinion  expressed  in  my  original 
paper  on  this  subject  (Trausactious  Am.  Soc.  C.  E. ,  Jime,  1888,  page 
225),  that  English  railways  could  secure,  with  a  well  designed,  heavy 
flange  rail,  with  good  joints  and  good  fastenings,  a  track  as  safe  and 
eflScient  as  the  present  system,  costing  no  more  for  maintenance  and 
effecting  a  considerable  saving  in  first  cost.  My  opinion,  however,  upon 
this  point  is  strengthened  by  the  fact  that  one  of  the  most  important 
lines  in  England,  the  North  Eastern  Railway,  which  has  been  using  90- 
pound  bull-headed  rails  in  40-pound  chairs,  is  now  experimenting  with 
90-pound  flange  rails  laid  on  steel  cross-ties.  The  cost  for  one  mile  of 
single  track,  inclusive  of  laying  complete,  biit  exclusive  of  ballasting, 
is  about  S6  336  for  the  bull-head  rails  in  cast-iron  chairs  on  wooden  ties, 
and  ^7  046  for  the  flange  rails  on  steel  ties.  This  I  consider  to  be  a  step 
towards  the  ideal  track  for  railways  with  heavy  traffic,  and  in  this 
country  a  stejj  is  being  made  in  the  same  direction,  as  the  New  York 
Central  and  Hudson  River  Railroad  is  about  to  experiment  with  a  sec- 
tion of  track  laid  with  its  8U-pound  flange  rails  on  steel  ties.  In  refer- 
ring to  the  ideal  track  I  do  not  mean  to  say  that  I  consider  that  either 
the  North  Eastern  or  the  New  York  Central  track  will  be  the  track  of 
the  future,  as  the  ideal  track  of  the  future  will  probably  be  gradually 
developed  from  difierent  experiments  with  difier.mt  types  of  steel  ties 
under  different  conditions,  but  I  do  consider  that  the  track  of  the  future 
will  be  a  metal  track. 

In  answer  to  the  objection  that  of  thirteen  railways  whose  tracks  I 
have  described  in  my  paper,  seven  are  lines  of  minor  importance,  I  have 
only  to  say  that  that  paper  was  intended  to  describe  English  tracks  of 
different  kinds,  and  not  only  those  of  the  trunk  lines,  while  the  main 
object  of  the  paper  was  to  describe  and  not  criticise.  With  six  of  the 
most  important  lines  in  England,  one  line  which  has  been  converted 
into  a  part  of  a  trunk  line  system  (the  West  Riding  and  Grimsby),  three 
of  the  principal  Irish  lines,  and  three  lines  of  second  or  third  rate  im- 

*  These  figures  are  for  the  year  1887,  and  have  been  taken  from  Whitaker's  Almanac, 
1889.     $3  have  been  taken  as  equivalent  to  £1  sterling. 
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portance,  including  a  Scotch  braDch  line,  I.  think  my  pajier  has  fairly 
represented  the  varieties  of  English  practice.  I  do  not,  however,  as 
suggested,  attach  too  much  importance  to  the  uf^e  of  flange  rails  on  these 
second  or  third  rate  lines,  but  I  have  borne  in  mind  the  fact  that  in  this 
country  an  enormous  traffic  is  carried  OA^er  comparatively  light  flange 
rails  in  freight  cars  of  40  000  to  60  000  pounds  capacity  (weight  of  cars 
from  15  000  to  30  000  pounds),  passenger  cars  weighing  45  000  to  50  000 
pounds,  and  sleeping  cars  weighing  from  70  000  jjounds  to  86  000 
pounds,  hauled  by  ponderous  locomotives;  and  I  fail  to  see  why  a  really 
good  track  of  this  type  should  not  be,  under  proper  conditions,  satis- 
factory for  railways  in  England  or  any  other  country.  The  following 
table  will  give  some  idea  of  the  capabilities  of  the  average  American 
track  (the  weights  of  rails  are  partly  taken  from  Poor's  "Manual  of 
Railroads  ") : 

New  York,  Lake  Erie  and  Western. 

Eails 63,  67  and  74  pounds. 

"Eight- wheel;"  115  000  pounds  total  weight;  78  000  pounds  on 
the  four  drivers. 
New  York,  New  Haven  and  Hartford. 

Kails up  to  74  pounds. 

"Eight-wheel;"  112  000  pounds  total  weight;  70  000  pounds  on 
the  four  drivers. 
Pennsylvania. 

Eails ui?  to  85  pounds. 

"  Eight-wheel;"  96  330  pounds  total  weight;  32  530  and  82  650  on 
drivers. 
Union  Pacific  (Wooten  fire-box). 

Eails 56  pounds  (some  probably  heavier). 

"Eight-wheel;"  118  000  pounds   total  weight;  76  500  poands  on 
the  four  drivers. 
Lake  Shore  and  Michigan  Southern. 

Eails 60  and  65  pounds. 

"Eight-wheel;"  37  500  and  35  700  pounds  on  drivers. 
Chicago  and  North  Western. 

Eails 56  to  72  pounds. 

"Eight-wheel;"  90  000  pounds  total;  57  800  pounds  on  the  four 
drivers. 
Delaware,  Lackawanna  and  Western. 

Eails 60  and  68i  pounds. 

"  Mogul;"  98  000  pounds  total;  87  000  pounds  on  the  six  drivers. 
Michigan  Central. 

Eails 56,  60  and  80  pounds. 

"Mogul;"  102  000  pounds   total;   29  000,  30  000   and   28  600  on 

drivers. 
"Ten-wheel;"  118  000  pounds   total;  94  000   pounds   on   the  six 
drivers. 
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Colorado  Midland. 

Rails 65  pounds. 

"Ten-wiieel;"  121000  pounds  total;  99  000  on  the  six  drivers. 
Canadian  Pacific. 

Rails 56,  60  and  72  pounds. 

"Eight-wheel;"  95  800  jiounds  total;  64 800  pounds  on  the  four 
drivers. 

"Consolidation;"  104  000  pounds  total;  90900  pounds  on  the 
eight  drivers. 
W  ith  regard  to  the  Isle  of  Wight  Railway,  the  fact  that  a  70-pound 
flange  rail  has  been  replaced  by  a  78-pound  double-headed  rail  in  35i- 
pound  chairs,  should,  I  think,  be  left  out  of  consideration,  as  it  does  not 
appear  to  jirove  anything  on  either  side,  for  there  must  certainly  have  been 
special  reasons  for  this  action.  The  traffic  is  light,  about  fourteen  trains 
each  way  per  day,  mostly  passenger  trains,  and  these  trains  are  not 
heavily  loaded;  if  a  70-pound  flange-rail  bolted  to  cross-ties  will  not 
carry  this  traffic  in  England,  when  a  56  to  70-pound  rail  spiked  to  the 
ties  carries  and  has  carried  an  immense  amount  of  heavy  freight  and 
passenger  traffic  in  America,  there  must  be  some  reason  beyoud  the  type 
of  track.  It  may  have  been  that  the  flange  rails  were  worn  out,  and  that 
in  relaying  it  was  considered  advisable  to  adopt  the  standard  English 
form  of  track;  but  if  so,  that  would  tend,  I  think,  to  prove  that  adapta- 
bility and  the  exercise  of  true  economy  are  not  features  of  English 
practice.  For  important  lines  with  heavy  traffic  I  believe  the  heaviest 
track  is  the  best  and  most  economical,  but  I  do  not  favor  the  indis- 
criminate adoption  of  heavy  track  for  roads  of  all  classes.  For  lines  of 
this  class  over  here,  a  56  to  65-pound  rail  would  probably  be  considered 
sufficient.  As  to  the  use  of  heavy  flange  rails,  the  adoption  of  the  110- 
pound  "Goliath"  rail  (designed  by  Mr.  C.  P.  Sandberg)  in  Belgium, 
and  the  recent  orders  that  have  been  given  for  large  quantities  of  these 
rails,  point  to  the  general  feeling  in  favor  of  this  section.  Flange  rails 
of  this  weight  have  recently  been  rolled  by  the  Barrow  Steel  Company 
of  England  for  the  government  railways  of  Victoria,  Australia.  Before 
quitting  this  subject,  I  beg  leave  to  quote  as  follows  from  the  foot-note 
on  page  222  (of  my  original  23aper),  which  was  in  answer  to  the  remark 
by  Mr.  Forrest  (Secretary  Inst.  C.  E.),  that  continental  engineers  prefer 
the  double-headed  rail  in  chairs,  and  are  only  prevented  from  using  it 
by  reason  of  the  extra  expense:  "I  cannot  think  that  Mr.  Forrest  is 
correct  in  this  remark,  as  the  flange  rail  is  almost  universally  adopted 
on  the  continent,  even  on  State  railway  systems,  where  a  little  extra 
expense  would  not  prevent  the  adoption  of  a  sj^ecially  good  form  of  rail. 
Many  of  the  double-headed  sections  used  on  the  continent  have  been  of 
bad  and  clumsy  design,  some  resembling  an  hour-glass  iu  section. 
Heavy  flange  rails  are  the  most  modern  type  adopted  and  approved, 
which  is  a  step  in  the  right  direction."     (See  also  Mr.  C.  P.  Sandberg's 
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paper  on  "  The  Use  of  Heavier  Rails  for  Safety  and  Economy  in  Rail- 
way Traffic,"  published  in  October,  1888.) 

I  am  very  far  from  intending  to  say  that  the  English  track  is  not 
good;  it  is  good,  it  is  a  splendid  track,  but  it  is  enormously  expensive 
in  first  cost,  and  few  countries  but  England  could  afford  to  put  so  much 
money  into  the  cost  of  construction.  They  have  a  good  track,  and  it 
has  been  j^aid  for;  therefore  it  would  probably  be  false  economy  to  take 
it  up  and  rejalace  it  with  a  track  oi  a  different  type,  and  I  do  not  wish  to 
be  understood  as  recommending  it,  although  Mr.  Cunningham  seems  to 
suppose  so.  Still  less  should  they  want  to  take  any  such  radical  steps 
while  their  rail  manufacturers  guarantee  to  replace  broken  rails  free  of 
cost  for  terms  of  five  to  twelve  years.  For  new  lines,  however,  of  what- 
ever class,  I  believe  a  flange  rail  track  of  equal  efficiency  with,  and 
greater  economy  than,  the  present  system,  can  be  designed.  It  is  the 
American  type  of  track  (as  it  should  be),  and  not  the  American  track,  as 
it  too  often  is,  which  I  am  advocating,  as  will  be  understood  from  wjiat 
I  have  said. 

As  to  the  Irish  lines,  I  think  I  have  fairly  stated  the  case  in  giving 
verbatim  the  statements  of  the  engineers,  and  as  to  the  Scotch  line,  it  may 
be  a  "  very  little  matter,"  as  Mr.  Cunningham  says,  if  too  heavy  a  track 
is  laid  on  a  line  serving  a  thinly  i^eopled  district;  but  that  is  where  the 
want  of  adaptability  and  economy  is  shown,  and  what  is  done  in 
Scotland  in  this  way  may  very  likely  be  done  in  England.  I  do  not  suj?- 
pose  that  the  officials  of  the  Great  Northern  Railway  changed  the  track 
of  the  "West  Riding  and  Grimsby  line  without  having  good  reasons  for 
doing  so,  according  to  their  views,  but  I  question  the  necessity  for  so 
doing,  looking  at  the  matter  from  my  point  of  view.  For  it  must  always 
be  remembered  that  there  are  two  sides  to  every  question,  and  it  was 
with  the  object  of  showing  clearly  the  other  side  of  the  question  that  I 
quoted  so  fully  in  my  paper  the  statements  of  the  English  engineers. 

The  chairs  I  consider  to  be  the  "  unnecessary  metal  in  the  track," 
judging  from  the  experience  of  roads  in  America  and  other  countries. 
For  lines  with  heavy  traffic,  an  increased  bearing  area  can  be  obtained  by 
the  use  of  metal  bed-plates  or  sole-plates,  such  as  are  used  under  flange- 
rails  on  the  European  continent,  thus  avoiding  the  metal  in  the  upj^er 
part  of  the  chair,  which  is  necessary  with  the  English  track  in  order  to 
hold  the  rail  up.  A  good  flange  rail  track  cannot  be  maintained  with 
spike  fastenings;  but  by  the  use  of  coarse  threaded  wood  screws  with 
washers  and  square  heads,  or  by  bolts  and  washers,  screwed  up  from 
above,  a  good  track  may  be  maintained  and  easily  kept  in  good  condi- 
tion. Such  fastenings  would  greatly  facilitate  the  keeping  up  of  the 
joints.  The  Pennsylvania  Railroad  is  about  to  try  screw  fastenings 
in  combination  with  iron  bed-plates.  At  present  the  American  rail 
with  its  spike  fastenings  has  a  vertical  motion  very  far  back  from 
the  joint,   while   the   English   rail   rigidly   secured  in   a  chair   which 
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is  firmly  attached  to  tlie  tie  Las  no  vertical  jjlay  back  of  tlie  joints 
chaii's  ;  for  that  reason  four  bolt  joints  are  used,  and  thoxagh  deep 
splice  bars  have  been  adopted  on  some  roads,  straight  bars  are  still 
extensively  used.  The  wood  keys  which  secure  the  rail  in  the  chair, 
being  generally  of  creosoted  and  compressed  wood,  do  not  give  much 
trouble  in  England;  but  in  India  and  other  hot  countries  where  the 
English  track  has  been  introduced,  considerable  trouble  has  been 
experienced.  An  inherent  conservatism  has  no  doubt  something  to  do 
with  the  continued  use  of  the  chair.  The  Leicester  and  Swannington 
Railway,  built  by  Stephenson,  and  oj^en  in  July,  1832,  had  the  "  fish- 
bellied"  rails  carried  in  chairs  of  practically  the  same  form  as  those  now 
in  use;  they  had  a  base  of  9\  x  4^  inches,  and  the  rails  were  secured  by 
wooden  keys.  This  is  but  one  example  of  early  English  railways  using 
chairs.  Then  it  has  been  suggested  to  me  that  switches  can  be  made 
safer  and  more  efiicient  with  double-headed  or  bull-headed  rails  in  chairs 
than  with  flange  rails,  but  I  think  perfectly  satisfactory  switches  can  be 
made  with  the  flange  rail. 

Mr.  Cunningham  suggests  that  I  do  not  sufficiently  appreciate  the 
question  of  trafiic.or  the  almost  unanimous  opinions  of  English  engineers, 
based  upon  experience;  but  on  this  point  I  do  not  agree  with  him. 
To  return  the  compliment,  however,  I  do  not  think  Mr.  Cunningham 
sufiSciently  appreciates  the  question  of  rigid  versus  flexible  wheel-base. 
The  English  locomotive  has,  as  he  says,  been  developed  by  the  same 
process  and  under  the  same  conditions  as  the  English  track,  and  it 
requires  an  exceptionally  heavy  track,  which  the  English  track  undoubt- 
edly is.  A  four-wheeled  English  passenger  car  has  a  rigid  wheel-base 
of  about  15  feet,  while  a  six-wheeled  car  has  probably  a  wheel-base  of 
20  to  25  feet.  It  may  be  said  that  the  English  systems  of  track"  and 
rolling  stock  go  together,  while  the  American  systems  also  go  together. 
But  that  the  American  system  of  flexible  wheel-base  is  well  adapted  to 
English  track  is  proved  by  the  extent  to  which  it  has  been  adoj^ted  in 
that  coiintry  for  locomotives  and  rolling  stock,  while  the  adaptability  of 
an  English  engine  to  American  track  will  be  shown  to  some  extent  by 
the  compound  engine  imi^orted  for  the  Pennsylvania  Railroad.  That 
engine,  however,  has  a  radial  arrangement  for  its  leading  axle,  but  a 
radial  axle  in  such  a  position  is  generally  thought  to  be  inferior  to  the 
truck  or  "bogie." 

I  am  sure  that  the  American  track  is  underestimated  in  England;  for 
the  Chief  Engineer  of  the  Midland  Railway  (who  is  quoted  in  my  paper 
as  saying  that  with  the  American  track,  "  under  the  great  velocities  and 
heavy  weights  on  the  driving  wheels  of  our  engines,  I  think  the  road 
would  be  broken  up  in  a  few  hours;  in  fact,  in  some  cases  it  would  not 
stand  the  passage  of  a  single  train  "  )  has  written  to  me  asking  for  in- 
formation as  to  the  weight  of  the  track  of  the  main  lines  in  this  country, 
as  he  was  not  aware  that  any  but  light  track,  something  similar  to  what 
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is  used  in  England  for  construction  purposes,  had  been  laid  here;  and  I 
have  recently  sent  him  particulars  of  the  New  York  Central  80-pound 
rail,  the  Pennsylvania  85-pound  rail,  and  the  Philadeli^hia  and  Reading 
90-iDound  rail;  also  of  a  proposed  rail  of  the  "Sayre"  pattern  to  weigh 
110  pounds  i^er  yard.  I  have  also  sent  particulars  of  the  weights  of 
engines  on  the  light  tracks  of  the  Western  roads  and  the  heavy  tracks 
of  the  best  Eastern  roads.  In  acknowledging  the  receipt  of  these  par- 
ticulars, this  gentleman  states  that  he  thinks  that  if  I  compare  the 
traffic  per  mile  on  English  and  American  lines  it  will  be  found  that  on  the 
latter  it  is  "very  small,  indeed,"  even  on  the  busiest  parts,  as  compared 
with  English  traffic.  He  also  says  that  he  has  had  exi^erieuce  with 
flange  rails,  but  has  always  been  obliged  to  limit  the  siseed  in  order 
to  prevent  derailments.  As  to  the  traffic,  I  would  call  attention  to 
the  high  speed  of  the  express  trains  on  the  trunk  lines,  and  the  great 
■weight  of  freight  trains  all  over  the  country.  If  a  comparatively  light 
track  (on  the  average)  will  carry  such  traffic  here,  I  cannot  see  why  a 
first-class  track  of  the  same  type,  under  proj^er  conditions,  should  not 
suffice  to  carry  the  traffic  on  English  roads;  and  carry  it  safely  and 
economically. 

In  conclusion,  I  beg  to  say  that  I  consider  Mr.  Cunningham's 
paper  a  valuable  addendum  to  my  original  j^aper,  on  account  of  the  in- 
formation which  it  contains;  but  it  has  not  shown  my  expressed  opinions 
to  have  been  based  on  weak  or  unstudied  foundations,  nor  has  it  shaken 
my  conviction  as  to  the  superiority  of  the  American  type  of  track  for 
railways  in  every  country. 
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EXPERIMENTS    ON    THE    STABILITY  OF    BENCH 

MARKS. 


By  Geoege  W.  Coolet,  M.  Am.  Soc,  C,  E. 
Read  October  3d,  1888. 


WITH    DISCUSSION. 

The  following  table  of  experiments  is  submitted  to  show  the  relative 
change  from  year  to  year  in  the  elevation  of  bench  marks  as  generally 
made  on  trees. 

The  location  was  in  mixed  timber,  partly  exposed  to  the  sun,  on  the 
shore  of  Lake  Minnetonka,  near  Minneaijolis,  Minn. 

Surface  soil — vegetable  loam,  12  inches.  Subsoil — stiflf  yellow  clav. 
Elevation  above  lake,  40  feet.     Penetration  of  frost,  3  feet. 

The  standard  bench  was  made  as  follows  :  A  3-inch  hole  was  bored 
in  the  clay  7  feet  deep  ;  inside  of  this  was  jolaced  a  galvanized  iron  tube 
in  the  centre  of  which  was  an  inch  iron  gas  pipe  8  feet  long,  driven  into 
the  stiff  clay  at  the  bottom  of  the  hole  18  inches,  the  whole  covered 
with  a  water-tight  cap  and  6  inches  of  earth.  Elevations  were  taken 
yearly  about  October  1st,  under  favorable  conditions.  No  upward 
growth  was  discovered,  but  a  change  from  one  to  three-hundredths  of  a 
foot,  from  year  to  year,  probably  caused  by  action  of  frost  during  the 
winter. 

The  gi-eatest  change  in  any  one  year  was  .03,  and  the  greatest  net 
change  in  five  years  .02. 
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TABLE  No.  2. 
Total    Vabiatioxs. 


Diameter, 
Inches,     j 

Years. 

3 

12 
3 
12 
4 
4 
5 
20 
18 
12 
20 
10 
12 
10 
20 

.5 
1 
6 
•  6 
C 
4 
5 
^ 
5 
5 
5 
.5 

5 
3 

—  .0226 

—  .016 

—.002 

J-.007 

Maple 

Elm 

-f-.0134 
—.011 

Linden 

Elm    

—  .003 

—  .008 

—  .006 

—  .012 

—  .020 

—.018 

Black  Oak 

—  .018 

—  .019 

—  .028 

DISCUSSION. 


J.  James  R.  Croes,  M.  Am.  Soc.  C.  E.— I  think  that  Mr.  Odell  has 
some  data  in  regard  to  differences  of  elevation  in  the  same  bench  mark 
in  the  vicinity  of  Xew  York. 

F.  S.  Odell,  M.  Am.  Soc.  C.  E. — I  have  noted  some  changes  in 
bench  marks,  but  am  not  able  to  give  the  exact  difterences;  I  think  it 
was  due  to  some  settlement  of  the  foundations  of  the  bench  mark. 
They  were  taken  on  the  basin  covers  of  the  receiving  basin  in  129th 
Street,  in  the  vicinity  of  Second  and  Third  Avenues.  There  seemed  to 
be  about  J  of  an  inch  difference,  as  near  as  I  can  remember,  in  relation 
to  other  prominent  objects  in  the  same  vicinity. 

Mr.  Croes. — Was  there  not  an  instance  where  a  point  which  was  sup- 
posed to  be  pretty  permanent  was  found  to  vary  every  few  days? 

Mr.  Odell. — Well,  not  every  few  days,  but  every  few  months.  I 
think  you  probably  refer  to  the  bench  marks  on  the  stairway  foundations, 
but  we  hardly  considered  those  to  have  been  of  such  a  construction 
that  they  would  not  vary  somewhat;  we  found  they  did  vary,  but  we 
thought  it  was  due  to  the  nature  of  the  foundation. 

By  reference  to  the  notes  I  find  that  the  basin  cover  at  129th  Street 
and  Second  Avenue  settled  0.130  of  1  foot  in  eighteen  months,  while  that 
at  129th  Street  and  Third  Avenue  had  become  0.060  of  1  foot  higher 
during  the  same  period,  and  the  stairway  foundation  had  settled  0.210 
of  1  foot. 
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Mr.  A.  Fteley,  M.  Am.  Soc.  C.  E.,  stated  that  in  connection  with 
water  gaugings  which  required  accurate  levels  to  be  taken  of  the  surface 
of  water  running  in  a  long  flume,  and  the  surrounding  grounds  being 
very  swampv  and  unreliable  for  the  establishment  of  ordinary  benches, 
he  used  to  advantage  some  long  iron  rods  driven  through  many  feet  of 
swamj^y  mud  into  the  solid  bottom.  The  top  of  the  rod  furnished  per- 
manent and  very  accurate  benches. 

H.  W.  Brinckerhoff,  M.  Am,  Soc.  C.  E. — Some  eighteen  years  ago 
or  more  Mr.  John  F.  Ward,  M.  Am.  Soc.  C.  E.,  then  chief  engineer  of 
the  Jersey  City  Water  Works,  and  whose  assistant  I  then  was,  put  a 
coui^le  of  standard  benches  in  the  Jersey  City  jjarks,  each  of  which  con- 
sisted of  a  2 i -inch  iron  rod  perhaps  8  feet  in  length;  the  u^jper  end 
stood  just  out  of  the  ground  and  was  slightly  convex,  while  the  lower 
end  had  cast  around  it  a  disk  of  cast-iron  about  2  feet  in  diameter. 
Of  course  they  had  to  have  a  hole  dug  to  set  them;  but  after  they  had 
been  set  they  could  be  depended  on  for  all  time,  I  presume,  as  they  were 
anchored  below  the  reach  of  frost  or  other  probable  disturbance.  They 
gave  very  satisfactory  results  as  long  as  I  had  occasion  to  use  them,  and 
I  understand  they  are  still  unmoved  and  in  good  condition. 

P.  F.  Brendlinger,  M.  Am.  So3.  C,  E. — I  was  very  much  interested 
in  the  paper  this  evening;  the  fluctuations  from  year  to  year  are  certainly 
very  interesting  and  curious.  It  strikes  me,  however,  that  Mr.  Cooley 
should  have  had  more  than  one  permanent  gas  pipe  bench  to  compare 
with,  or  better  still,  have  this  one  gas  pipe  bench  and  one  of  some  other 
material  somewhat  deejjer  in  the  ground,  then  compared  these  benches 
with  those  on  trees.  This  fluctuation  reminds  me  very  much  of  a  case 
we  had  in  Pittsburgh  in  1875.  There  was  a  high  water  mark  established 
on  a  brewery.  This  was  a  flood  mark;  the  highest  flood  ever  recorded  in 
Pittsburgh,  that  of  1832.  In  1875  I  had  occasion  to  build  a  bridge  in 
that  vicinity,  the  Point  Bridge.  We  had  to  raise  the  street  at  the 
brewery.  Some  engineers  took  elevations  on  that  high  water  mark;  it 
was  about  34  feet  above  low  water  level;  one  year,  1877,  they  found  it 
was  35 i  feet;  it  had  risen  a  foot  and  a  half  in  two  years.  They  could 
never  understand  how  that  was  until  I  explained  that  I  had  raised  the 
building  18  inches  and  the  high  water  mark  went  up  with  it  and  was 
never  lowered. 

Mr.  Croes. — Had  they  been  working  from  that  bench  in  the  mean- 
time? 

Mr.  Brendlinger.  —  They  tested  it;  they  said  it  had  risen  rapidly  in 
the  two  years. 
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Geokge  W.  Coolet,  M.  Am.  Soc.  C.  E.— I  think  there  can  be  no 
question  as  to  the  stability  of  my  standard  bench.  Two  reference 
benches  were  established  at  the  same  time— one  of  the  same  description 
and  size,  and  another  of  gas  pipe  driven  into  the  bottom  of  the  lake 
below  the  reach  of  ice  or  other  disturbing  cause.  The  latter  was  used 
to  regulate  a  water  gauge  and  the  gauge  frequently  tested  by  the 
standard  bench.  Tests  made  during  the  first  three  years  of  the  experi- 
ments showed  no  change  in  the  standard;  and  it  seems  impossible  that 
there  should  be  any,  as  the  pipe  was  not  in  contact  with  the  earth  at  any 
point  except  7  feet  below  the  surface,  and  was  well  protected.  Another 
circumstance  in  connection  with  these  experiments  not  mentioned  in 
my  paper  was  the  fact  that  nails  driven  into  some  of  the  trees  about  four 
feet  above  ground  maintained  for  five  years  the  same  relative  position 
with  regard  to  the  nails  on  the  benches.  Only  three  of  these  were 
tested,  the  others  being  covered  with  a  growth  of  bark. 
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DESCRIPTION  OF  GUARD  GATES  AT  THE  POINT 
STREET  BRIDGE  AT  PROVIDENCE,  R.  I. 


Br  William  D.  Bullock,  M.  Am.  Soc.  C.  E. 


The  Point  Street  Bridge  spans  the  Providence  River,  and  is  located 
about  one-half  mile  below  the  head  of  navigation. 

It  consists  of  three  spans.  Each  of  the  two  fixed  spans  has  a  clear 
span  of  about  143  feet,  and  the  draw  span,  located  between  the  latter,  is 
250  feet  long,  over  all,  with  two  clear  openings  for  the  passage  of  ves- 
sels, of  100  feet  each.  The  fixed  si^ans  are  of  the  Moselj  Arch  pattern, 
and  -were  built  by  the  Mosely  Iron  Company  of  Boston  about  1869-70. 
The  draw  span  was  built  by  Charles  Macdonald,  M.  Am.  Soc.  C.  E. ,  to 
replace  the  original  one  built  by  the  Mosely  Iron  Company,  which 
proved  unsatisfactory.  It  is  supported  on  a  Seller's  table,  and  is  operated 
by  steam  power,  the  engine  being  located  at  the  draw  center,  as  shown 
on  the  general  i^lan,  Plate  III. 

This  bridge  is  a  through  bridge,  with  one  driveway  24i  feet  wide  be- 
tween wheel  guards,  and  two  sidewalks  each  about  6  feet  wide,  the  total 
width  out  to  out  being  40  feet. 
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The  bridge  was  oiDened  to  travel  October  22a,  1872,  and  no  guard 
gates  were  placed  upon  it  until  some  time  in  the  fall  of  1874,  when  one 
gate  was  placed  at  each  end  of  the  bridge,  closing  only  the  right  hand 
half  of  the  driveway.  These  gates,  which  were  erected  at  a  cost  of 
$1  000,  consisted  of  a  single  bar,  similar  to  those  in  use  at  railroad  cross- 
ings, and  were  operated  from  the  draw  center.  They  were  in  use  until 
1875,  when  they  were  removed,  having  proved  unsatisfactory  as  safe- 
guards, and  giving  much  trouble  in  operation. 

From  that  time  until  the  erection  of  the  present  gates,  the  bridge 
has  bean  without  guard  gates  or  protection  of  any  kind  when  the  draw 
was  open. 

The  number  of  teams  passing  over  this  bridge  daily  from  6.30  a.m. 
to  6.30  P.M.  varies  from  about  1  200  to  1  500,  and  the  number  of  pedes- 
trians passing  within  the  same  hours  is  about  3  000. 

The  average  number  of  daily  openings  of  the  draw  for  the  years 
1885-88  was  38  ;  and  the  greatest  number  of  openings  for  the  twenty- 
four  hours  of  any  one  day  during  the  same  years  was  79.  The  average 
time  that  the  bridge  was  closed  to  travel,  for  each  opening  of  the  draw 
for  the  above-named  years,  was  4.52,  4.58,  4.29  and  3.72  minutes  respect- 
ively. 

Xo  trotting  over  the  bridge  is  allowed,  and  all  teams  are  required  to 
keep  to  the  right. 

March  20th,  1883,  a  resolution  of  the  City  Council  was  approved 
directing  the  Committee  on  Bridges  to  erect  guard  gates  at  the  Point 
Street  Bridge. 

The  problems  presented  for  solution  in  designing  gates  for  this  loca- 
tion were  difficult  ones.  The  gates  must  be  safe  ;  must  close  the 
approaches  to  the  draw  to  both  pedestrians  and  teams  ;  must  be  operated 
and  controlled  at  the  draw  center  ;  must  not  interfere  with  the  operation 
of  the  draw  nor  call  for  additional  help  ;  must  cause  but  little,  if 
any,  delay  to  travel  over  the  bridge,  or  to  navigation  through  the 
draw  openings. 

Under  these  conditions  the  writer  was  called  upon  to  make  designs 
for  the  gates.  Careful  inquiry  failed  to  show  any  jDrecedent  in  the  con- 
struction of  gates  under  such  conditions. 

An  exhaustive  study  of  the  subject  was  made,  and  sketch  plans  pre- 
pared, in  which  the  application  of  water,  compressed  air,  and  electricity 
as  motors  was  considered.     These,  although  more  easily  operated  and 
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controlled  from  the  draw  center  than  steam,  were  attended  with  special 
difficulties,  and  would  prolmbly  be  more  expensive  in  maintenance. 
Steam  i30werwas  not  at  first  regarded  with  favor,  owing  to  the  apparent 
difficulty  in  designing  siiitable  connections  between  the  draw  and  shore 
spans.  Finally  the  solution  of  the  problem  seemed  to  depend  upon  the 
discovery  of  some  device  by  means  of  which  the  power,  located  at  the 
draw  center,  could  be  transmitted  to  the  gates  on  the  fixed  si^ans.  After 
much  study  the  tongue  and  grooved  slide  attachment,  as  shown  on  the 
accompanying  jjlans,  wa?  devised,  by  means  of  which  a  simple,  i^ositive 
and  automatic  connection  between  the  draw  and  fixed  span  was  secured, 
which  has  j)roved  entirely  satisfactory. 

With  suitable  connections  thus  assured,  the  steam  power  used  in 
oj^erating  the  draw  became  the  most  available  power  for  operating  the 
gates. 

The  following  description,  with  Plates  III,  lY,  V,  VI,  will  explain 
the  construction  of  the  gates  and  machinery,  and  the  manner  of  operat- 
ing them. 

By  reference  to  the  general  plan,  it  will  be  seen  that  the  gates  are 
located  on  the  fixed  spans  about  16  feet  from  the  ends  of  the  draw,  thus 
leaving  a  space  on  the  fixed  span  where  pedestrians  may  wait  when 
stopped  by  the  gates;  and  also  j)ermitting  the  gates  to  be  closed  as  soon 
as  possible  after  the  teams  leave  the  draw. 

The  gates  swing  on  vertical  posts,  and  the  frames  are  constructed  of 
channel  iron,  with  diagonal  tie  rods  with  turn-buckle  adjustments. 

To  the  frames  are  bolted  1x2 J  inches  yellow  pine  pickets,  of  such 
length  as  to  give  a  height  for  the  gates  of  about  5  feet  3  inches  above  the 
floor.  The  posts  are  of  solid  wrought  iron  2i  inches  square  for  the  drive- 
way gates,  1^  inches  square  for  the  sidewalk  gates,  and  If  inches  square  for 
the  safety  gates.  These  posts  extend  through  and  beneath  the  flooring, 
and  to  this  extension  of  each  driveway  gate  post  is  attached  a  24-inch 
spur  gear,  which  meshes  into  a  like  gear  on  the  sidewalk  gate  post.  To 
the -driveway  gate  j^ost  just  below  the  24:-inch  gear  is  also  attached  a 
36-inch  grooved  pulley,  around  which  passes  the  wire  rope  by  which  the 
jjower  is  applied. 

The  driveway  is  closed  by  two  gates  swinging  from  the  truss  towards 
the  center,  and  both  latching  to  the  same  wooden  post  in  the  center  of 
the  driveway.  Each  sidewalk  is  closed  by  two  gates,  the  larger  one 
swinging  from  the  truss  towards  the  outside  of  the  sidewalk.     Opposite 
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to  the  latter,  tii^on  au  extension  of  the  sidewalk,  is  placed  a  small  safety 
gate,  so  arranged  that  it  is  free  to  swing  until  the  end  of  the  sidewalk 
gate  swings  nearly  opposite  to  it,  and  the  space  (3  or  4  inches)  between 
the  ends  of  the  two,  is  too  small  to  permit  a  person  to  get  caught  be- 
tween them,  when  a  latch  beneath  the  flooring  is  thrown  bv  an  arm  on 
the  sidewalk  gate  gear,  and  the  safety  gate  is  securely  fastened. 

The  driveway  and  sidewalk  gates  swing  away  from  the  draw  when 
closing,  and  towards  the  draw  and  away  from  the  waiting  public  when 
opening. 

At  the  upper  end  of  ea-h  driveway  gate  post  is  i^laced  an  alarm  bell, 
which  is  rung  at  short  intervals  by  the  movement  of  the  gate  when 
swinging  in  either  direction.  The  weight  of  each  driveway  and  side- 
walk gate  is  supported  by  a  steel  collar  shrunk  on  the  post,  and  turning 
on  a  bronze  ring,  held  firmly  in  place  by  a  cast-iron  shoe  bolted  to  the 
flooring.  All  of  the  gates  are  painted  white,  which  contrasts  with  the 
olive  color  of  the  bridge,  and  thus  makes  them  more  conspicuous  as 
barricades  in  case  of  runaways. 

Operating  Machinery. 

The  gates  are  closed  by  steam  j)ower  and  are  opened  by  counter 
weights. 

Supported  upon  the  turn-table  of  the  draw  beneath  the  flooring 
is  a  horizontal  shaft  carrying  two  grooved  drums,  and  connected 
■with  the  engine  by  gearing  and  friction  clutches,  which  are  operated  by 
hand  levers  on  the  deck  of  the  bridge. 

Two  wire  ropes  wind  upon  each  drum  from  opposite  directions;  one 
entering  on  the  lower  side,  and  connecting  with  the  gates  which  close 
one-half  of  the  driveway  and  one  sidewalk  at  one  end  of  the  draw;  and 
the  other  entering  upon  the  upper  side  of  the  same  drum,  and  connect- 
ing with  the  corresponding  gates  at  the  diagonally  opposite  corner. 

The  two  drums  although  on  the  same  shaft  are  entirely  independent 
of  each  other,  and  are  set  in  motion  by  cone  frictions  operated  by  sejDa- 
rate  hand  levers  on  the  deck  of  the  bridge. 

The  power  is  transmitted  from  the  drums  to  the  gates  by  |-inch  iron 
rods  and  J-inch  wire  ropes  carried  on  guide  pulleys  beneath  the  flooring. 

The  connections  between  the  draw  and  fixed  spans  are  automatic,  so 
that  when  the  gates  have  been  closed  all  connections  with  the  shore  spans 
are  released  as  the  draw  moves  off". 
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The  draw  can  be  turned  in  either  direction,  or  reversed,  end  for  end, 
without  interfering  with  the  connections,  and  as  the  draw  returns  to 
place,  the  connections  are  again  established. 

At  each  of  the  four  corners  of  the  draw  and  in  line  with  the  railing 
is  placed  a  frame,  constructed  of  angle  and  tee  iron,  and  supporting  two 
1^-inch  vertical  steel  rods,  upon  which  works  a  tongue  slide.  Upon  the 
fixed  spans  and  directly  opjjosite,  are  similar  frames  each  having  two 
vertical  rods,  upon  which  works  a  grooved  slide,  which  engages  with  the 
tongue  shde  on  the  draw.  Neither  the  tongue  nor  the  grooved  slide 
can  be  moved  vertically  without  carrying  the  other  with  it;  but  the  two 
are  entirely  independent  of  each  other  when  moved  horizontally.  The 
tongue  slides  are  connected  by  rods  and  wire  ropes  with  the  drums  at 
the  center,  and  the  grooved  slides  are  connected  with  the  grooved 
pulleys  on  the  gate  posts  by  wire  ropes.  On  the  ends  of  the  top  and 
bottom  rail  of  each  driveway  gate  is  a  projecting  latch,  which,  as  the 
end  of  the  gate  comes  near. to  the  wooden  post  at  the  center,  engages 
with  counterbalanced  catches,  thus  fastening  the  gate  securely.  The 
sidewalk  gates  are  held  in  position  by  the  gear  connection  with  the 
driveway  gates.  The  gates  are  aU  unlatched  at  the  same  time  by  an 
independent  lever  at  the  center  of  the  draw;  the  connection  between  the 
draw  and  fixed  spans  being  made  by  a  rod  on  the  draw  pushing  agaiust 
a  plate  on  the  fixed  sj^an. 

The  gates  are  operated  as  follows  : 

"When  the  signal  to  open  the  draw  is  heard,  the  engine  is  started  and 
the  hand  lever  of  the  main  friction  clutch  which  connects  the  engine 
with  the  gate  machinery  is  thrown  over.  The  signal — three  strokes  of 
the  bell — is  given  by  the  superintendent  for  all  passing  over  the  bridge 
to  stop. 

The  No.  1  lever  is  thrown  over,  and  the  drum  set  in  motion, 
which  closes  the  pair  of  gates  at  the  diagonally  opi)osite  corners,  on  the 
sides  of  the  bridge  by  which  teams  approach  the  draw.  The  wire  rojjes 
wind  on  the  drum  thus  set  in  motion,  from  opposite  directions,  raising 
the  tongue  slides  and  carrying  with  them  the  grooved  slides  on  the  fixed 
spans.  Motion  is  thus  communicated  by  the  grooved  slides  to  the  wii'e 
ropes  which  pass  around  the  pulleys  on  the  driveway  gate  posts,  and  the 
gates  are  turned  through  an  angle  of  90  degrees  and  latched  to  the  cen- 
ter posts.  Just  as  the  gates  latch,  the  hand  lever  at  the  center  is 
thrown  back,  which  disconnects  the  drum  from  the  engine.     The  ex- 
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treme  backward  throw  of  the  lever  operates  a  brake  on  the  drum,  which 
holds  it  firmly,  and  keeps  the  tongue  slide  exactly  in  the  position  where 
it  stops.  After  the  teams  have  all  left  the  draw,  the  second  pair  of  gates 
is  closed  in  the  same  manner  by  the  No.  2  lever.  The  main  friction 
clutch  lever  is  then  thrown  back  and  the  draw  is  ready  to  be  opened. 

It  will  be  observed  that  the  only  delay  to  the  public  from  operating 
the  gates,  is  the  time  which  it  takes  to  close  the  second  pair  of  gates, 
which  does  not  exceed  about  eight  seconds.  In  opening  the  gates  there 
is  practically  no  delay  to  the  public  in  waiting.  As  soon  as  the  draw 
comes  to  rest  the  gates  are  all  unlatched  together  and  opened  by  the 
counter  weights,  the  movement  of  the  gates  being  under  control  of  the 
superintendent  at  the  center  by  means  of  the  brakes  on  the  drums.  The 
counter  weights  are  adjustable,  varying  from  about  100  pounds  in  still 
•weather,  to  125  pounds  or  more  in  windy  -weather,  for  each  of  the  four 
driveway  gates. 

In  the  erection  of  the  gates  and  operating  machinery,  the  work  was 
so  conducted,  that,  although  requiring  considerably  more  time,  the 
bridge  was  not  closed  to  travel. 

The  general  arrangement  of  the  gates,  and  the  method  of  operating, 
especially  the  automatic  connection  between  the  draw  and  fixed  spans, 
are  believed  to  be  entirely  new  in  design. 

The  gates  were  erected  in  the  fall  of  1884  and  were  put  into  regular 
operation  January  17th,  1885,  and  have  since  been  in  constant  use 
up  to  the  present  time,  a  period  of  more  than  four  years,  giving  entire 
satisfaction  to  the  traveling  public,  and  fulfilhng  all  the  requirements 
of  safety,  convenience  and  economy. 

During  the  period  of  four  years  in  which  the  gates  have  been  in 
operation  no  repairs  of  importance  have  been  made,  except  to  renew  the 
wire  ropes  as  they  have  worn  out;  and  no  change  in  the  machinery  has 
been  made,  except  to  substitute  for  the  two  grooved  drums  at  the  center 
new  ones  with  deeper  grooves  to  prevent  the  wire  ropes  from  getting  out 
of  place,  and  stranding  on  the  edges  of  the  grooves.  The  new  drums 
were  also  lagged  with  hard  wood  on  the  surface  against  which  the  brake 
pressed,  to  avoid  the  slipping  of  the  brakes  when  the  frost  was  coming 
out  of  the  iron,  which  had  given  some  trouble  under  certain  conditions 
of  the  weather  in  the  winter. 

This  change  in  the  drums  has  entirely  remedied  the  trouble  from  the 
two  sources  mentioned  above. 
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The  gates  and  operating  machinery  were  designed,  and  their  erection 
superintended  by  the  writer,  acting  under  the  general  instruction  of  the 
City  Engineer,  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.  Valuable  assistance 
^vas  rendered  by  H.  N.  Francis,  M.  Am.  Soc.  C.  E.,  in  the  preparation 
of  working  drawings  and  the  erection  of  the  gates. 
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THE  IxMPROVEMENT  OF  THE  MISSISSIPPI  RIVER.* 
By  William  Stabling,  M.  Am.  Soc.  C.  E. 


The  Mississippi  is  above  all  things  a  silt-bearing  stream,  flowing 
through  a  bed  of  its  own  creation.  It  is  never  clear,  even  at  its  lowest; 
and  at  its  floods  it  is  charged  with  sediment  to  an  enormous  extent. 
This  involves  the  following  consequences :  The  banks  are  low  and  sub- 
ject to  overflow  by  all  floods  greater  than  the  mean.  Banks  and  bottom 
are  friable,  and,  therefore,  liable  to  degradation  and  erosion.  The  chan- 
nel is  shifting  and  unstable,  and  subject  to  obstruction  by  shoals. 

The  Mississippi,  like  all  other  streams,  is  composed  of  tortuous 
bends,  which  modify,  in  the  most  striking  manner,  the  laws  of  its  flow. 
In  the  portion  of  its  course  which  we  are  considering  it  runs  through 
a  bed  of  comi^aratively  recent  origin.  It  is  seldom  that  it  encounters  a 
portion  of  any  formation  older  than  that  which  constitutes  its  jjresent 
flood-plain.  At  a  few  points  the  banks  consist  of  blufi's  of  a  quaternary 
formation,  called  by  geologists  loess,  from  a  similar  formation  on  the 
Rhine;  at  a  few  more,  its  bed  trenches  on  another  quaternary  formation, 
called  the  "  Port  Hudson  "  clay,  not  very  dissimilar  to  that  of  the  present 
alluvium,  and  deposited  by  the  river  itself  in  its  ancient  state,  at  an 
epoch  anterior  to  that  of  the  j^resent  stream.  It  has  been  a  much 
mooted  question  how  great  a  part  of  the  present  bed  is  occupied  by  this 

*Thi8  paper  was  prepared  for  the  University  of  the  City  of  New  York.  It  is  now  pub- 
lished for  the  first  time  through  the  courtesy  of  the  Faculty  of  that  Institution. 
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older  and  harder  clay;  but  the  investigations  of  the  Mississippi  Kiver 
Commission  appear  to  point  to  the  conclusion  that  the  proportion  is 

small. 

The  alluvium  composing  the  banks  and  the  bed  is  extremely  variable 
in  composition,  being  sometimes  nearly  pure  sand,  sometimes  nearly 
pure  clay,  sometimes  made  up  of  both  ingredients  in  all  proportions. 
These  different  qualities  of  soH  are  disposed  in  strata  of  every  variety 

of  thickness. 

Thus  the  banks  are  friable,  but  in  very  different  degrees.  Usually, 
however,  even  the  toughest  clay  is  underlaid  by  strata  of  lighter  ma- 
terial, which,  as  will  soon  be  seen,  diminishes  the  resisting  power  of 
the  stronger  earth. 

The  theory  of  the  completed  flood-plain  of  a  river  is  well  known. 
The  sediment  brought  from  the  torrential  and  fluvial  parts  is  deposited 
on  the  bottom,  and  by  overflow  on  the  banks  of  the  stream  in  its  alluvial 
part;  thus  raising  the  upper  portion  of  the  flood-plain,  and  steepening  its 
slope  until  the  velocity  of  the  water  becomes  sufficient  to  carry  the  load 
without  diminution  to  the  sea.  Not  every  flood-plain  is  completed. 
Some  are  yet  in  a  state  of  transition  and  have  not  attained  stability. 
Bends  introduce  a  disturbing  element  into  this  process.  The  cur- 
rent, flowing  with  the  normal,  or  even  with  a  slightly  accelerated 
velocity,  encounters  the  resistance  of  the  bank,  say  at  A  (see  Fig.  1), 
placed    at  a    somewhat  abrupt    angle  to  the  course  of    the  stream. 


Fig.  1. 
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A  portion  of  its  energy  is  directed  against  the  soft  material  composing 
tlie  bank,  i^romptly  dislodges  it  and  carries  it  a  certain  distance. 

It  is  siipposed  that  the  normal  velocity  is  suflScient,  and  no  more,  to 
carry  to  tlie   sea  the  sediment  brought  to  the  alluvial  portion   from 
above.     This  will   not   prevent  it  from  acting  on  the'  banks.     Be  the 
water  never  so  highly  charged,  provided  its  fluidity  be   not  materially 
impaired,  when  it  encounters  the  bank   at  an  abrui)t  angle,  it  will  not 
fail  to  dislodge  a  portion  of  the   material.     This  action  is  purely  me- 
chanical.    It  is  the  effect  of  direct  impact,  like  the  blow  of  a  pickaxe  or 
a  hydraulic  jet.    The  earthy  matter  thus  committed  to  the  water  will  not 
sink  directly  to  the  bottom.     It  will  be  carried  a  himdred  or  a  thousand 
feet,  or  a  mile,  or  ten  miles,  and  eventually  dropped,  and  this  although 
there  were  no  slackening  of  the  velocity.     By  hypothesis  the  water  was 
already  loaded  with  all  it  could  iiermaneutly  transjiort,  when  it  acquired 
this  additional  load,  which  must  therefore  be  only  temporary,  a  forti- 
ori then  must  be   deposited  when    the  velocity   is   diminished.      The 
^'caving  "  action,  as  it  is  called,   generally   goes  on  for  several   miles 
throughout  the  bend,  A  B.    The  velocity  is  not  immediately  checked  to 
a  considerable  extent,  the  acceleration  due  to  the  fall  contending  with 
the  resistance  of  the  bank.     Each  "pocket  "  excavated  (shown  by  the 
dotted  lines)    affords   an  additional  i)oint   of  attack  to  the  water  from 
above;  the  load  of  sediment  becoming  accumulated  and  partially  dis- 
tributed as  the  different  fillets,  a,  h,  c,  d,  etc. ,  come  in  contact  with  the 
bank,  or  with  the  fillets  next  the  bank,  and  from  the  cross  and  vertical 
currents  arising  from  the  violent  disturbance.     Finally  a  point  will  be 
reached  when  the  destructive  energy  is  exhausted,  the  velocity  reduced, 
the  angle  of  presentation  of  the  bank  less,  and  all  the  conditions  favor- 
able to   deposition.     The  load  will  be  thrown   down  here,  forming  a 
shoal.     The  cross-section  will  become  shallower,  therefore  wider,  and 
on  the  whole  (the  velocity  being  now  at  a  minimum),  enlarged  consider- 
ably.    The  slope  from  C    to  D  will,  therefore,  be  steepened,  and  the 
velocity  gradually  accelerated,  until  it  again  becomes  normal,  or  a  little 
more,  at  D,  where  the  same  process  will  be  repeated. 

It  is  evident,  then,  that  the  tendency  of  the  river,  if  unchecked, 
would  be  to  go  on  lengthening  the  bends.  This  would  gradually  give 
a  flatter  sloj^e  to  the  whole  stream,  so  flat  that  it  would  not  be  com- 
patible with  a  velocity  sufficient  to  carry  the  sediment  to  the  sea.  There 
would,  therefore,  be  a  deposit  in  the  upper  part  of  the  alluvial  portion. 
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and  a  raising  of  the  flood-plain  ;  and  this  process  would  go  on  indef- 
initely, assisted  by  the  lengthening  of  the  stream  due  to  the  advance  of 
its  delta  into  the  sea. 

A  check  is  given  to  this  development  by  two  agencies. 
Fh-sl.— The  eroding  itself  cannot  proceed  beyond  a  limited  extent, 
for  it  almost  ceases  when  the  bank  attacked  is  at  less  than  a  certain  angle 
with  the  current.  If  water  loaded  to  its  normal  capacity  flow  through 
straight  banks,  it  will  dislodge  no  more.  Neither  will  it  at  a  gentle 
angle.  In  short,  it  is  found  by  observation  that  the  caving  process  does 
not  proceed  to  any  considerable  extent  in  ordinary  soil  and  with  the 
ordinarv  high-water  velocity  when  the  radius  of  curvature  of  the  bend 
exceeds  about  two  miles, 

Secoml— The  river  thus  works  out  for  itself  a  bend  which  would  be 
circular  if  the  material  were  homogeneous,  and  the  velocity  continued 
unchanged.  It  has  just  been  explained  why  it  is  not  immediately  dimin- 
ished below  the  normal  by  impact  against  the  bank— viz.,  on  account  of 
the  acceleration  due  to  the  fall  from  the  shoal  above.  But  even  this 
acceleration  is  presently  overcome,  the  velocity  is  lessened,  the  curve 
becomes  flatter,  erosion  ceases,  and  the  current  leaves  the  bank  which  it 
has  so  far  hugged,  with  the  direction  given  by  the  last  reach,  to  cross 
over  to  the  other  side.  If  this  were  not  so,  the  river  would  speedily 
return  upon  itself  and  form  a  complete  circle.  As  it  is,  this  tendency  is 
only  partially  overcome.  The  river  does  eventually  almost  return 
upon  itself  until  the  neckfg  becomes  exceedingly  narrow.  Sometimes 
the  overpour  during  high  water  across  the  narrowest  part  of  the  neck 
forms  a  deep  gorge  on  the  lower  side,  which  cuts  back  year  by  year 
toward  the  upper  side,  after  the  ordinary  manner  of  cataracts.  During 
some  great  flood,  the  velocity  of  the  water,  now  precipitated  across 
the  neck  with  a  fall  of  perhaps  4  or  5  feet  in  a  thousand,  becomes 
irresistible,  and  opens  a  passage  for  the  whole  river,  thus  forming  what 
is  called  a  cut-off. 

There  is  another  cause  which  favors  the  formation  of  cut-offs.  On 
account  of  the  continual  erosion  of  the  bank  and  bottom  in  concave 
bends,  the  water  becomes  very  deep,  and  a  cross-section  is  formed  so 
favorable  to  the  movement  of  water,  that  a  comparatively  small  slope  is 
sufficient  to  give  it  the  velocity  requisite.  This  velocity  is  at  length 
partially  exbausted  by  the  resistance  of  the  curved  bank,  untU  finally, 
in  the  course  of  a  long  and  deep  bend,  the  river,  even  in  flood-time,  is 
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approximated  to  the  condition  of  a  pool.  Hence,  there  is  a  tendency  to 
concentrate  the  fall  into  the  reaches  above  and  below  the  pool,  so  that 
the  slope  is  alternately  greater,  less  and  greater  than  the  mean.  Thns 
the  disposition  to  erosion  at  both  the  upper  and  lower  sides  of  the  neck 
is  increased. 

So,  also,  the  formation  of  a  quasi-pool  in  the  bend  creates  a  tendency 
in  the  water  to  seek  more  direct  routes.  As  the  river  pilots  express  it, 
"  When  a  bend  becomes  very  round,  the  water  wants  to  leave  it." 

Now,  almost  all  "points  "  have  been  formed  by  successive  rudimentary 
islands,  which  afterwards  grow  into  perfect  islands,  become  covered 
with  vegetation,  and  eventually  are  raised  to  nearly  mean  tiood-mark. 
These  islands  are  divided  from  the  main  land  by  channels  called  '  *  chutes, " 
which  are  never  entirely  obliterated,  but  generally  serve  as  high-water 
conduits.  Frequently,  in  a  bend  which  has  grown  very  "  round,"  the 
river  will  seek  such  a  short  cut  and  make  it  the  main  channel,  thereby 
shortening  its  course  several  miles.     See  Plates  VII  and  VIII. 

It  should  be  observed  that  these  changes  do  not  occur  periodically, 
or  in  obedience  to  any  rational  demand,  so  to  speak,  for  compensation. 
They  are  local  phenomena.  Sometimes  they  happen  unseasonably,  in 
advance  of  any  undue  lengthening  of  the  river,  or  when  it  has  already 
been  shortened  by  other  cut-offs.  In  fact,  it  has  been  observed  that 
they  frequently  occur  in  cycles,  several  in  succession,  where  a  number 
of  points  exist  in  close  proximity,  presenting  favorable  conditions  for 
cut-offs.     See  Plate  IX. 

Lest  the  river  should  become  unduly  short  by  these  means,  it  pro- 
ceeds to  lengthen  itself  with  great  rapidity  by  increased  erosion  of  the 
bends  and  building  out  of  the  points  in  the  vicinity  of  the  cut-off. 

In  these  ways  the  disposition  of  the  river  to  keep  on  increasing  in 
length  is  compensated,  and  the  total  mean  distance  from  the  head  of  the 
alluvial  basin  to  the  beginning  of  the  delta  preserved  nearly  unaltered, 
subject  only  to  oscillations.  The  Mississippi  has  been  observed  with 
accuracy  for  only  a  few  years,  but  there  is  no  evidence  of  any  material 
general  elevation  of  the  bed  or  lengthening  of  the  course  since  atten- 
tion has  been  directed  to  it. 

This  sketch  of  the  regimen  of  the  Mississippi  implicitly  indicates 
both  the  nature  of  the  evils  which  it  is  desirable  to  overcome  or 
ameliorate,  and  the  means  which  lie  at  the  disposal  of  the  engineers  for 
such  a  puri^ose. 
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The  principal  evils  are  : 

j7'/,.s/._0bstr action  of  navigation  by  shoals; 

Second.— Injury  to  alluvial  lands  by  overflow  ;  and 

77^j,.,7.— Destruction  of  banks  by  erosion. 

I.— The  formation  of  shoals  at  the  nodes  or  reversion  points  of  bends 
is  assisted  by  the  obliquity  of  the  current  to  the  general  direction  of  the 
river  as  it  crosses  from  one  bank  to  the  other,  thus  affording  a  wider 
cross-section  and  a  greater  frictional  resistance.* 

Besides  these  shoals,  there  are  others,  which  make  their  appearances 
principally  in  reaches  which  are  either  straight  or  of  small  curva- 
ture. These  appear  to  be  ascribable  to  the  prolonged  fall  not  now 
impeded  by  resistance  from  bends,  resulting  in  excessive  scour, 
which  is  now  directed  against  the  bottom,  and  is  followed  sooner  or 
later  by  a  checking  of  the  velocity  in  the  thread  of  the  stream,  and  a  de- 
posit of  silt  in  the  bed  below.  Where  the  current  and  the  erosion  have 
been  greatest,  there  will  be  the  greatest  fill-viz.,  in  the  middle  of  the 
stream.  This  will  force  the  river  to  divide  itself  into  two  branches,  and 
as  the  form  of  cross-section  is  unfavorable  to  the  passage  of  the  dis- 
charge, there  will  be  an  enlargement  of  the  cross-section.  The  current 
being  now  deflected  toward  the  banks,  the  enlargement  wiU  be  at  their 
expense,  and  the  river  will  assume  the  appearance  of  a  wide  and  shaUow 
stream,  split  in  two  by  a  principal  shoal  or  series  of  shoals,  while  the 
material  derived  from  the  erosion  of  the  banks  goes  to  form  other  sec- 
ondary shoals  below.  The  river  is  the  more  ready  to  shift  its  channel  in 
straight  reaches  from  the  lack  of  any  centrifugal  force  to  hold  it  against 

either  bank. 

Of  the  two  channels,  one  is  frequently  used  exclusively  during  high 
water,  the  other  at  low  and  medium  stages;  the  shorter  arm  being  usu- 
aUy  that  preferred  by  the  high-water  current,  according  to  a  principle 
previously  stated. f  The  channel  in  use  is  marked  by  a  rapid  current; 
the  "dead  end  "being  almost  stagnant;  the  water  level  being  approx- 
imately that  of  the  lower  end  thereof.     In  each  case,  the  disused  chan- 


*  Jacquet  on  the  Improvement  of  the  Rhone,  page  36.  This  memoir  i8  published  with 
three  others  :  Janicki  on  the  Improvement  of  Navigable  Kivers  ;  Pasqueau,  A  Project 
for  the  improvement  of  the  Ehone  ;  and  Jacquet  on  Submerged  Spurs ;  by  the 
Engineer's  Department,  under  the  title,  Improvement  of  Non-tidal  Rivers.  Translated  by 
Colonel  Merrill,  Washington,  1881. 

t  AnU,  page  89.    Also  noted  by  Jacquet,  page  36. 
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nel  deteriorates  until  the  recurrence  of  the  conditions  which  bring  it 
into  play,  when  it  soon  scours  itself  out  again. 

Whichever  class  a  shoal  under  consideration  may  belong  to,  the  rem- 
edy which  at  once  suggests  itself  is  the  same — viz. ,  a  forced  contraction 
of  the  width  of  the  cross-section.  The  result  of  this  will  be  an  imme- 
diate rise  of  the  water  surface  on  the  shoal.  If  the  bed  were  stable,  a 
rapid  would  be  thus  produced.  If  it  be  erodable,  the  eflfect  will  be  a 
scour  and  a  deepening  of  the  channel  to  an  extent  commensurate  with  the 
contraction. 

In  a  situation  similar  to  that  described  above,  contraction  is  most 
easily  effected  by  closing  one  of  the  two  channels.  In  other  situations, 
artificial  obstacles  must  be  placed  in  the  bed  of  the  stream  adjacent  to 
one  or  the  other  bank. 

All  contraction  works  are  modifications  or  combinations  of  two  sys- 
tems, that  of  spur-dikes  and  that  of  training- walls.  The  former  are 
l^erpendicular  or  inclined  at  an  abrupt  angle  to  the  course  of  the  river, 
and  the  latter  are  parallel  or  nearly  so  to  that  course.  There  are  ad- 
vantages and  disadvantages  attached  to  each  of  these  systems,  when  ex- 
clusively employed,  which  have  often  been  set  forth  at  length.  Many 
of  the  drawbacks  may  be  avoided  by  a  judicious  combination  of  both 
systems. 

When  circumstances  admit,  these  structures  are  built  of  strong  and 
enduring  material.  On  the  Mississippi  such  materials  are  altogether 
excluded  on  account  of  their  expense  and  their  great  weight.  The  bot- 
tom of  that  river  is  not  only  friable,  it  is  extremely  soft  and  treacherous, 
and  ponderous  structures  would  soon  sink  out  of  sight,  unless  built  on 
foundations  constructed  with  special  care  and  at  immense  cost. 

Of  course,  a  gi'eat  iiart  of  the  skill  of  an  engineer  lies  in  his  ability  to 
make  use  of  those  materials  which  are  nearest  at  hand,  exist  in  the  great- 
est abundance,  and  are  most  easily  worked  with  such  labor  as  is  avail- 
able. These  considerations  have  led  to  the  adoption  of  pile-dikes  con- 
structed on  the  permeable  system. 

By  i^ermeable  dikes  are  meant  those  which  are  expressly  designed 
not  to  exclude  the  water  altogether,  but  to  sufier  it  to  pass  through 
them,  opposing  to  that  passage,  however,  a  considerable  resistance  by 
which  a  fill  is  induced.  By  combining  a  number  of  such  dikes,  system- 
atically arranged,  it  is  designed  that  an  artificial  bank  shall  at  length  be 
produced,  which  will  in   time  grow  to  the  height  of  the  natural,  and 
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whose  other  dimensions  shall  correspond  substantially  to  the  limits  of 
the  system.  This  is  more  or  less  the  object  of  all  contraction  works, 
even  those  of  stone. 

The  plan  of  permeable  dikes  j^resents  many  advantages  on  the  Mis- 
sissij^pi.  It  economizes  material.  It  uses  those  articles  which  are 
cheapest  and  most  abundant.  It  is  easy  of  construction  and  requires 
little  skilled  labor.  It  is  light,  and  remains  in  position  undisturbed, 
even  with  the  worst  foundation.  It  is  by  far  more  effectual  than  any 
other  in  inducing  deposits.  A  standard  objection  to  spur-dikes  when 
of  massive  construction,  has  aLvays  been  the  slowness  with  which  they 
build  up  the  spaces  between  them.  For  this  reason,  the  German  en- 
gineers, the  great  experimenters  with  this  system,  were  wont  to  recom- 
mend that  spur- dikes  should  be  built,  not  at  once  to  their  full  height, 
but  in  successive  layers,  allowing  sufficient  time  to  elapse  to  allow  the 
alluvial  deposits  of  different  years  to  connect  with  each  other.  * 

The  permeable  system  allows  continual  access  of  fresh  water  heavily 
loaded  with  sediment  to  the  interior  of  the  works,  thus  producing  de- 
150sits  of  enormous  magnitude,  thirty  feet  or  more  in  depth  in  places,  in 
a  single  year. 

It  must  not  be  forgotten  that  the  closing  of  a  chute  by  a  system  of 
dikes  or  any  artificial  narrowing  from  one  side  speedily  involves  en- 
croachment on  the  opposite  bank,  unless  the  latter  be  protected  in  some 
way. 

The  protection  of  banks  so  unstable  as  those  of  the  Mississippi  is  a 
task  which  may  well  tax  the  best  i^owers  of  the  engineer.  Nevertheless, 
it  has  been  attempted  with  very  tolerable  success,  the  results  varying 
somewhat  with  the  methods  employed,  the  difficulties  encountered  and 
the  workmanship  displayed.  The  greatest  difficulties  are  a  swift  current, 
a  direct  impact,  a  considerable  depth  and  a  very  friable  material.  In 
what  is  called  "a  very  bad  caving  bank,"  a  strong  current  strikes  at  an 
abrupt  angle  a  bank  of  nearly  pure  sand.  The  methods  employed  for 
direct  protection  are,  so  far,  only  two — namely,  continuous  revetment 
and  submerged  spurs.     They  Avill  be  described  hereafter. 

In  the  works  constructed  for  the  improvement  of  the  Mississippi, 
both  spurs  and  longitudinal  dikes  are  used,  combined  in  systems.     The 

*  J.anicki,  page  10.  Schlichting  on  the  Improvement  of  Navigable,  Non-tidal  Bivers. 
Translated  by  Lieutenant  Frederick  V.  Abbot,  Corps  of  Engineers,  Willets  Point,  Battalion 
Press,  New  York,  1885. 
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general  principles  -nhich  have  been  followed  will  be  learned  from  the 
annexed  map  of  the  Plum  Point  Reach.*  This  is  one  of  the  two  great 
"reaches"  selected  bv  the  Mississippi  River  Commission  for  improve- 
ment as  containing  the  worst  obstructions  to  navigation  on  the  river,  the 
other  being  Lake  Providence  Reach. 

The  project  for  the  improvement  of  the  Plum  Point  Reach  embraced 
several  distinct  operations: 

First — The  closing  of  the  chutes  between  Elmot  Bar  and  the  Ten- 
nessee shore,  bv  the  main  and  cross  dikes  at  and  below  Gold  Dust. 

Seconal. — The  protection  of  the  Arkansas  shore  from  Fletcher's  Land- 
ing to  Elmot. 

Third. — The  closing  of  the  chutes  between  the  Arkansas  shore  and 
Osceola  Bars  and  Bullerton  Tow-head,  and  the  protection  of  the  river 
banks  of  the  latter  island. 

Fourth. — The  encroachment  of  the  Tennessee  shore  upon  the  river- 
bed by  main  and  cross  dikes  below  Plum  Point. 

Fifth. — The  protection  of  the  Arkansas  shore  below  Bullerton  Tow- 
head  against  further  caving,  t 

The  history  of  these  works  is  highly  interesting  and  instructive,  but 
cannot  be  given  here.  They  were  carried  on  under  many  discourage- 
ments, the  chief  being  the  failure  of  the  appropriations  for  several 
successive  years.  The  project  has  only  yet  been  partially  carried  out, 
and  last  year,  for  the  first  time  in  the  history  of  the  work,  the  discharge 
of  the  river,  at  its  lowest  stage,  was  confined  to  the  regulated  channel.  J 
Yet  the  last  reports  inform  us  of  the  j^ermanence  of  the  work  and  the 
hai^py  results  obtained;  the  least  depth  of  water  reported  since  the 
inception  of  the  regulation  being  8.5  feet,  and  that  only  for  a  few 
days,  where  formerly  there  was  frequently  only  4.5  to  be  had. 

In  the  case  of  the  Providence  Reach,  the  work  of  improvement  was 
complicated  by  a  condition  which  often  exi&ts  in  the  work  of  river 
regulation;  that  is,  the  presence  of  a  badly  caving  bank  above  the  reach, 
the  erosion  reaching  further  and  further  down  every  year,  and  threaten- 
ing perpetual  change  to  the  portion  of  river  below,  both  from  the 
new  set  which  was  thus  continually  given  to  the  current,  and  from  the 
material   which   was   thus   supplied   for    building    new   shoals.      The 

*  Plate  X. 

t  Report  of  Arthur  J.  Frith,  Assistant  Engineer,  in  Report  of  the  Mississippi  River  Com- 
mission for  188-t,  page  214. 

t  Captain  Leach,  in  Report  of  Chief  of  Engineers  for  1888,  page  2196. 
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advance  of  bars  or  shoals  lias  long  been  recognized*  as  a  formidable 
obstacle  to  regulation,  and  it  is  necessary  to  use  some  device  to 
prevent  it,  or  it  threatens  the  permanence  of  the  whole  system.  In  this 
instance,  the  expedient  adopted  was  the  revetment  of  the  caving  bank  in 
Louisiana  Bend,  as  it  is  called.  Unfortunately,  the  work  was  left  with- 
out repairs  for  four  years  for  the  want  of  an  apj)ropriation,  so  most  of  it 
has  been  lost.  It  will  be  rebuilt  during  the  coming  year.  In  other 
^  respects,  the  work  at  Lake  Providence  Keach  was  very  much  of  the 
same  character  as  at  Plum  Point,  and  similar  results  have  been 
obtained. 

Both  longitudinal  and  cross  dikes  are  built  of  several  rows  of 
Ijiles,  connected  with  each  other  by  stringers,  braces  and  ties,  as 
shown  by  the  annexed  drawing  (Plate  XI).  It  may  be  stated,  in  this 
connection,  that  the  first  constructions  on  all  these  works  were  on  alto- 
gether too  economical  and  light  a  scale,  and  the  materials  too  perish- 
able. There  has  been  a  steady  advance  toward  strength  and  durability 
as  experience  has  jjrogressed.  Cypress  piles  are  used  instead  of  cotton- 
wood.  There  are  four  or  five  rows  of  piles  where  there  were  formerly 
one  or  two.  Drift-bolts  have  been  discarded,  as  tending  to  split  the 
timbers,  and  wire  fastenings  substituted.  These  latter  are  of  almost 
universal  use  in  all  departments  of  river  work.  The  wire  is  annealed 
and  galvanized,  and  is  tightly  twisted  by  a  rack-stick.  The  piles  are 
driven  with  the  assistance  of  a  hydraulic  jet. 

The  bottom  of  each  dike  is  protected  from  scour  by  a  "foot-mat" 
made  of  brush  and  poles  and  weighted  by  stone  in  the  same  manner  as 
the  mats  for  bank  revetment.  Experience  has  shown  Ihis  precaution  to 
be  indispensable. 

In  many  cases,  the  dikes  are  wattled  with  brush,  to  check  the  current 
still  more  effectually.  In  the  earlier  stages  of  the  work,  inclined  screens 
of  wire  or  brush  were  used  for  the  same  j)urpose,  but  I  believe  they 
have  been  abandoned. 

The  vast  ''systems"  thus  constructed  at  Plum  Point  and  Lake 
Providence,  each  covering  many  square  miles,  have  built  up  enormous 
tracts  and  have  fulfilled  the  essential  purj)Oses  or  which  they  were 
designed.  But  it  is  found  that  the  interior  jaarts  of  the  system  do  not 
progress  at  the  same  rate  as  the  outer  part.     Minor  channels  and  water- 


•  See  Schlichting,  page  136. 
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■ways  ai*e  preserved,  which  give  no  little  trouble,  and  cause  numejrous 
breaches  in  the  dike,  especially  the  longitudinal,  in  time  of  flood.  A 
system  like  that  at  Gold  Dust  (Plate  X),  connected  with  the  bank  at  the 
upper  end  and  joined  to  an  island  like  Elmot  Bar,  soon  forms  a  basin 
with  raised  margins,  which  lie  along  the  head  and  the  longitudinal  dike, 
from  which  at  moderate  stages  the  water  along  the  front  is  altogether 
excluded,  its  only  means  of  access  being  at  the  foot  of  the  basin.  The 
level  of  the  water  in  the  basin  at  its  head  is  then  lower  than  that  of  the 
river  in  its  front  by  an  amount  equal  to  the  fall  of  the  river  from  the 
head  of  the  system  to  the  foot  of  the  island.  Hence,  in  time  of  high 
water,  results  a  tremendous  overfall  over  the  longitudinal  dike,  which 
may  cause  any  amount  of  destruction.* 

It  has  been  proposed  by  Major  Ernst,  one  of  the  members  of  the 
Mississippi  Kiver  Commission,  who  has  had  a  great  deal  of  experience 
on  this  kind  of  work,  to  build  the  cross-dikes,  not  to  their  full 
length  at  once,  but  by  successive  annual  additions,  as  the  area  becomes 
silted  up. 

The  contraction  works,  as  a  whole,  are  successful  examples  of  what 
may  be  done  in  that  way;  but  there  are  arguments  urged  against  con- 
traction as  a  principle  which  are  irrespective  of  the  practicability  or 
siiccess  of  the  works  themselves.  These  arguments  are  mainly  two: 
first,  that  the  material  scoured  out  in  consequence  of  the  contraction  is 
deposited  below  and  forms  other  shoals  ;  and  secondly,  that  the  effect 
of  deepening  a  passage  through -a  bar  is  invariably  to  lower  the  surface 
of  the  pool  above. 

The  former  of  these  objections  is  not  a  serious  one,  nor  is  it  neces- 
sarily an  objection  at  all.  The  quantity  of  earth  eroded  from  a  bar  to 
form  a  V-shaped  navigable  channel  is  not  very  great,  nor  does  it  follow 
that  it  must  be  deposited  in  an  inconvenient  jDlace.  It  may  be  dejjosited 
in  the  pool  below,  which  has  an  ample,  nay,  a  superfluously  great,  cross- 
section.  Such  is  the  process  usually  pursued  by  the  stream  in  its  nat- 
ural state  As  the  water  falls,  it  cuts  out  for  itself  passages  through 
shoals  which  are  generally  sufficient  for  navigable  i^urposes  without 
artificial  aid.  It  must  be  remembered  that  the  bed  is  the  work  of  a 
great  river  (that  is,  the  river  at  high  water),  and  designed  for  its  own 
needs;  and  a  small  (that  is,  a  low-water)  river  is  compelled  to  use  it. 

*  See  this  lucidly  explained  in  Schlichting,  page  164.  It  has  caused  a  great  deal  of  trouble 
on  the  Mississippi. 
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Hence,  the  high -water  process  is  to  deepen  pools  aucl  buikl  bars.  The 
low-water  process  is  to  scour  bars  and  fill  pools.*  This  process  is 
directly  benefi^cial,  as  it  tends  to  restore  the  slope  which  has  been  lost 
in  the  pools. 

The  second  objection  is  a  grave  one.  It  has  been  demonstrated  that 
such  a  consequence  is  a  necessity  on  theoretical  grounds,!  and  it  is 
abundantly  borne  out  by  experience.  The  effect,  of  course,  of  lowering 
the  water  surface  iu  the  pool  above,  is  to  make  still  shallower  water  on 
the  shoal  at  the  head  of  that  pool,  and  thus  necessitate  correction  there. 
This  correction  would  involve  a  similar  consequence;  and  it  appears  at 
first  that  this  process  must  continue  indefinitely. 

In  rivers  of  great  slope,  like  the  Ehone,  in  which  the  alluvial  bed  is 
thin  and  the  permanent  strata  easily  exposed,  it  is  found  that  the  evil 
above  mentioned  is  very  real  and  serious,  and  it  appears  fatal,  in  such 
situations,  to  the  system  of  contraction.  On  rivers  of  the  type  of  the 
Mississippi  it  loses  much  of  its  weight.  In  the  first  place,  it  is  found 
by  experience  that  a  lowering  of  the  water  surface  three  or  four  feet 
(by  a  cut-off,  for  instance,  or  a  crevasse)  is  hardly  i)ercei3tib]e  100 
miles  above.:]:  This  is  the  case  even  at  high  water,  and  is  attributed  by 
some  engineers  to  "  the  small  function  of  the  slope  which  enters  all  dis- 
charge formulas. "  §  This  reasoning  does  not  appear  sufficient,  nor  when 
tested  does  it  yield  a  satisfactory  result ;  as  a  difference  of  5  feet  in 
100  miles  should  give,  in  a  river  like  the  Mississippi,  by  Kiitter's 
formula,  a  difference  of  velocity  of  0.3  to  0.4  foot  per  second.  It  would 
api^ear  rationally  ascribable,  in  part  at  least,  to  the  disturbances  of  the 
flow  produced  by  the  resistance  of  the  bends,  by  which  the  velocity  is 
brought  to  a  partial  check  and  takes  a  new  start  every  few  miles.  Now 
there  are  frequently  very  long  stretches  of  the  MississiiDj^i  (one,  for 
instance,  above  Greenville)  where  there  are  no  shoals  which  can  prove 
dangerous  to  navigation  for  more  than  that  distance.  A  lowering  of  the 
water  surface,  say,  6  feet,  then,  at  Leland  Bar,  just  below  Greenville, 

*See  on  this  a  paper  by  Professor  J.  B  Johnson,  in  the  Journal  of  the  Association  of 
Engineering  Societies  for  July,  1884,  page  172. 

t  See  Janicki,  13,  18-19;  Jacquet,  38-39;  Pasqueau,  C8  el  seq. 

t  Humphreys  and  Abbot,  page  397  (Edition  1876)  See  also  the  interesting  test  mony  of 
Captain  Leach  and  General  Comstock  in  the  Report  of  the  Senate  Committee  on  tlie  Improve- 
ment of  the  Mississippi  River,  in  1888,  pages  6-7  and  130-132. 

§  Extract  from  Report  of  Board  of  Engineers  in  1879,  quoted  in  Report  of  Mississippi 
Eiver  Commission  for  1880,  page  13;  and  see  Captain  Leach's  testimony,  as  above. 
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would  probably  have  no  detrimental  effect — in  fact,  would  be  imper- 
ceptible at  Helena,  a  distance  of  175  miles.  While  it  has  been  shown 
that  a  certain  lowering  of  the  water-surface  must  necessarily  result, 
still  it  does  not  follow  that  this  lowering  is  at  all  commensurate  with 
the  deepening  of  the  channel.  Such  a  lowering  as  6  feet  at  any  one 
point  is  almost  impossible,  as  it  would  practically  annihilate  the  low 
water  slope,  which  is  only  0.3  foot  to  the  mile. 

In  the  second  place,  the  surface  slope  which  is  permitted  by  the  shape 
of  the  bed,  as  forme  I  during  high  water,  is  much  less  already  than  that 
demanded  by  the  volume  of  the  river  when  reduced  to  low-water  dimen- 
sions, and  can  be  steepened  considerably  below  without  producing  seri- 
ous disturbances  for  any  great  distance  above. 

Thirdly,  the  partial  filling  of  the  deep  places  in  time  of  low  water, 
aids  in  divesting  them  of  the  character  of  quasi-pools,  and  partially  re- 
stores the  slope.  The  demonstration  proceeds,  of  course,  on  the  sup- 
position that  they  are  actual  pools.  In  reality  there  is  no  such  thing  in 
the  Mississipjji,  except  in  the  case  of  a  disused  channel. 

lu  smaller  streams,  it  has  been  sought  to  achieve  the  end  of  restoring 
the  slope  to  the  pools  by  the  use  of  what  the  German  engineers  call 
Grund-schwellen,  or  submerged  spurs,  extending  from  the  steep  portion 
of  the  concave  bank  which  holds  the  current  along  the  bottom  to  a 
sufficient  distance,  thus  constituting  a  series  of  sills  perpendicular  to  the 
current,  whereby  a  deposit  is  induced.  The  use  of  this  device  seems  to 
have  been  attended  with  good  results.  Its  expense  ijrecludes  its  em- 
ployment in  the  Mississippi,  except  in  special  cases,  as  a  bank  protec- 
tion. 

The  reasons  given  above  aj^pear  to  furnish  jilausible  grounds  for 
hoping  that  contraction  in  bad  spots  may  not  be  attended  with  evil  con- 
sequences elsewhere.  Still,  they  do  not  prove  that  such  consequences 
may  not  ensue.  It  is  believed  that  so  far  there  is  no  evidence  of  any- 
thing but  beneficial  results  on  the  MississipiDi. 

II. — For  the  protection  of  the  bottom-lands  from  overflow,  several 
expedients  have  been  proposed  to  confine  the  principal  tributaries  by 
reservoirs  at  their  head-waters,  and  thus  restrain  their  freshets  ;  to 
increase  the  velocity  of  the  river,  and  hence  lower  the  flood-line  by  cut- 
off's ;  to  make  a  new  mouth  100  miles  or  so  above  the  present  one, 
and  diminish  the  height  of  the  water  at  that  isoint,  and  consequently 
elsewhere  ;  to  construct  waste-weirs  in  suitable  situations,  and  let  out 
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the  water  when  necessary  ;  and  finally,  to  build  artificial  embankments 
to  restrain  the  flood-waters.  Of  these,  only  the  last  has  ever  been  i)ut 
into  practice  to  any  considerable  extent.  The  rest  may  be  disi^osed  of 
in  few  words.  Reservoirs,  to  be  of  any  utility,  would  have  to  be  on 
such  a  gigantic  scale  as  to  be  impracticable.  Even  then,  they  would 
only  restrain  the  head-waters;  and  it  is  said  *  that  the  greater  part  of 
the  flood-waters  of  great  rivers  does  not  drain  from  the  remote  moun- 
tain-sides, but  falls  in  the  valley  itself.  Cut-offs  are  sufiiciently  dis- 
posed of  by  a  little  reflection  upon  the  regimen  of  the  river.  They 
simply  introduce  a  state  of  chaos,  tearing  away  and  building  with  wild 
vehemence,  until  equilibrium  again  begins  to  be  restored.  A  new  mouth, 
higher  uj)  than  the  old,  even  if  it  lowered  the  water  surface  at  that  point 
permanently  several  feet,  would  have  no  material  effect  100  or  200  miles 
above.  Lateral  outlets  or  waste-weirs,  if  large  enough  to  be  of  any 
benefit,  would  be  enormously  ex])ensive  to  build  and  maintain,  would 
work  great  damage  along  their  course,  and  would  be  inefficient,  in  the 
long  run,  for  the  end  jiroposed.  They  would  both  divert  the  thread  of 
the  current  laterally,  thus  checking  the  velocity,  and  they  would  dimin- 
ish the  flowing  cross-section  below.  In  other  words,  they  would  act  in 
the  same  manner  as  crevasses,  and  cause  a  fill  below  them. 

This  conclusion  is  not  uncontroverted,  but  is  sustained  by  the  vast 
majority  of  engineers. 

The  practice  of  embanking  the  lands  along  the  river  has  grown  into 
a  very  extensive  system,  which  is  rather  a  series  of  independent  systems. 
To  understand  the  reasons  of  this  organization,  it  must  be  remembered 
that  the  MississiiDj^i,  like  lesser  streams,  wanders  from  side  to  side  of  its 
valley,  striking  the  hills  which  bound  it,  now  on  the  right,  now  on  the 
left,  and  forming  coves  or  basins.  These  basins  are  characterized  by  a 
general  similarity.  Each  is  bounded  on  the  one  side  by  the  Mississippi, 
and  on  the  other  by  a  range  of  tertiary  hills,  at  the  base  of  which  runs 
the  stream  which  forms  the  principal  drain  of  the  basin.  In  each,  the 
part  next  the  bank  of  the  Mississippi  is  the  highest,  sloping  thence  to 
the  interior.  Each  is  divided  by  a  great  number  of  subordinate  ridges 
and  valleys,  with  minor  water-courses  leading  directly  or  through  inter- 
mediate streams  into  the  grand  drain,  at  a  greater  or  less  distance  from 
its  mouth.     These  basins  empty  their  contents  respectively  through  the 

*  Humphreys  and  Abbot,  page  408. 
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Saint  Francis,  the  Yazoo,  the  Red  and  the  Atchafalaya  Rivers.  All  the 
streams  named  are  tributary  to  the  Mississippi,  except  the  last,  which 
flows  directly  into  the  Gulf  of  Mexico. 

The  basin  first  mentioned  jiresents  several  anomalous  features, 
mainly  owing  to  the  extraordinary  disturbance  which  took  place  there 
in  1811,  due  to  the  famous  earthquake  of  that  year.  By  thistouvulsion, 
large  portions  of  the  St.  Francis  Basin  suffered  a  great  depression,  and 
are  now  locally  known  as  the  Sunken  Lands.  The  topography  of  the 
basin  consequently  presents  some  differences  from  the  ordinary  alluvial 
type. 

The  third  in  order  of  enumeration  is  usually  called  the  Tensas* 
Basin,  from  a  small  stream  tributary  to  Red  River,  which  drains  the 
eastern  portion  of  it.  This  temtory  is  split  uj)  by  a  considerable  num- 
ber of  ridges  of  pre-alluvial  formation. 

The  "  Yazoo  Bottom  "  is  almost  a  perfect  specimen  of  a  purely  allu- 
vial basin.  At  its  head  and  foot,  the  bluffs  abut  directly  on  the  Missis- 
sippi at  Mem^jhis  and  Yicksburg.  The  hills  constituting  the  eastern 
boundary  form  a  complete  semicircular  range,  as  shown  by  the  accom- 
panying map  (Plate  XII),  which  also  includes  portions  of  the  St.  Francis 
and  Tensas  Basins. 

It  is  this  conformation  of  the  Mississippi  Valley  which  renders  it 
possible  and  expedient  to  divide  the  Levee  system  into  several  independ- 
ent organizations.  The  peculiar  advantages  possessed  by  the  Yazoo 
Basin  have  long  pointed  it  out  for  protection  by  Levees,  and  the  em- 
bankments which  now  guard  it  are  the  best  specimens  of  that  kind 
of  work.     For  this  reason  it  is  selected  as  the  type  for  description. 

The  Levees  of  the  Y'^azoo  Front  are  joined  at  their  upper  end  to  the 
hills  below  Memphis,  and  continue  without  interruption  to  a  point  a 
little  above  the  mouth  of  the  Y'azoo  Kiver,  forming  an  unbroken  line 
of  about  300  miles.  They  are  built  to  grade  of  3  feet  above  the 
highest  known  floods,  except  where  they  are  opposed  to  a  counter-line  in 
Arkansas  and  Louisiana.  In  this  reach,  the  grade  is  raised  by  degrees 
to  5  feet  above  the  high  water  of  1888.  The  standard  form  of  cross- 
section  is  shown  in  the  accompanying  sketch.     (See  Fig.  2.) 

The  crown  or  top  width  is  usually  8  feet.  The  slopes  are  1  on  Sf 
on  each  side,  except  in  special  ca^s.     These  are,  very  poor  materials; 

*  Generally  pronounced  Tensaw. 

t  So  the  United  States  Engineers  always  express  it,  and  it  avoids  ambiguity. 
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Fig.  2. 

great  exposure  to  waves  and  winds;  very  bad  foundations,  and  very 
great  size  and  importance  of  the  work.  In  the  first  case,  the  increased 
dimensions  are  given  merely  for  the  purpose  of  strength;  in  the 
second,  to  afford  a  flatter  front  slope;  in  the  third,  to  distribute  the 
weight  better;  and  in  the  fourth,  merely  as  a  larger  factor  of  safety. 
There  is  no  formula  whereby  the  proper  cross-section  of  a  levee  may 
be  determined.  In  investigations  of  this  nature,  it  is  usually  assumed 
that  the  forces  to  be  resisted  are  two :  a  sliding  force,  and  an  overturning 
couple.  This  is,  of  course,  on  the  hypothesis  that  the  structure  sub- 
jected to  these  forces  may  be  relied  ui^on  to  preserve  its  shape  and  all 
its  essential  qualities  unimpaired.  Such  a  supposition  is  not  verified  in 
an  earthen  embankment  long  exposed  to  the  continual  action  of  water. 
It  is  found  that  sound  levees  break  principally  in  four  ways.  First, 
from  being  overtopped  by  the  water,  when  the  overpour  completes  their 
destruction.  Second,  from  being  cut  in  two  by  waves  during  storms. 
Thii'd,  by  gradual  disintegration  by  percolation,  causing  sloughing  on 
the  back  slope  and  eventual  disruption.  Fourth,  from  weakness  of 
foundation.  If  the  natural  soil  on  which  a  levee  is  built  be  very  light, 
and  if  the  base  of  the  embankment  be  narrow,  even  although  the  latter 
be  built  of  the  best  material,  the  pressure  of  the  water  will  often  liter- 
ally force  the  bottom  from  beneath  the  levee,  especially  if  the  support 
be  weakened  by  excavations  taken  too  close;  especially  on  the  land  side. 
It  is  found  in  practice  that  the  dimensions  given  above,  in  ordinary  soils, 
are  safe,  and  that  nothing  much  less  is. 


Fig.  3. 
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It  ■will  be  observed  that  the  lower  jiart  of  the  basin  is  left  open. 
This,  of  course,  is  necessary  for  drainage,  but  it  exposes  the  lands 
adjacent  to  the  mouth  of  the  Yazoo  to  direct  overflow,  and  those  a  little 
above  to  back-water.  This  damage  is  not  very  extensive.  The  basin  is 
narrow  in  that  vicinity.  The  slope  of  the  flood-plain  is  twice  as  steep 
as  that  of  the  river,  being  seven  or  eight  tenths  of  a  foot  to  the  mile. 
The  overflow  water,  then,  entering  at  the  lower  level  of  the  mouth,  can- 
not mount  very  high  in  lands  above  the  mouth.  For  instance,  lauds  10 
miles  above,  which  would  be  just  awash  with  the  flood- water  of  the  Mis- 
sissippi in  their  immediate  front,  would  be  7  feet  or  more  above  the 
back-water. 

The  grade  line  of  a  levee  system,  of  course,  has  a  slope  ;  but  it  can- 
not be  assumed  for  a  moment  that  it  should  be  uniform,  so  greatly  is  it 
modified  by  the  influence  of  bends,  and  sometimes  by  other  causes.  In 
exemplification  of  this  Plate  XIII  shows  the  grades  as  fixed  by  observa- 
tions of  the  actual  high-water  marks,  when  freed  from  disturbing  causes, 
of  a  portion  of  the  levees  of  the  Yazoo  front. 

The  difficulty  of  establishing  grades  is  much  increased  when  they  are 
to  be  exj^osed  to  influences  hitherto  untried  and  only  partially  known. 
It  was  easy  to  fix  the  grades  of  the  Mississipjii  levees  when  the  Arkansas 
levees  were  unbuilt.  What  will  be  the  efi'ect  of  a  complete  confinement 
of  the  water  on  both  sides?  So,  again,  the  flood-line  was  formerly  in- 
fluenced by  the  return  flow  from  the  crevasses  and  unleveed  lands 
on  the  St.  Francis  and  Y''azoo  fronts.  What  will  be  the  result  of  closing 
those  basins?  The  latter  is  already  completely  sealed,  the  former  soon 
will  be. 

It  is  apparent  that  the  best  hope  for  the  settlement  of  these  questions 
lies  in  a  thorough  discussion  of  the  discharge  observations.  Unfortu- 
nately these  observations  are  few,  scattered,  and  exposed  to  various  dis- 
turbing influences,  such  as  proximity  to  tributaries  and  to  great  crevasses. 
This  subject  is  of  such  magnitude  and  complexity  that  it  cannot  be  in- 
telligently treated  in  a  small  compass.  It  has  been  elaborately  discussed 
by  Humphreys  and  Abbot,  and  by  several  members  and  officers  of  the 
present  Mississippi  Eiver  Commission,  and  opinions  expressed  upon  it 
by  many  eminent  engineers.  They  are  not  at  all  accordant  with  each 
other.  The  grade  mentioned  above  (5  feet  above  the  high  water  of  1888) 
was  fixed  upon  by  the  writer,  after  a  careful  examination  of  all  the  recent 
observations,  as  about  the  minimum,  and  was  so  far  approved  by  the 
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Mississippi  Eiver  Commission  that  they  built  their  levees  on  this  por- 
tion of  the  Yazoo  front  to  that  grade. 

The  element  of  scour  is  not  to  be  neglected,  though  involved  in 
much  iincertainty  both  as  to  the  magnitude  of  its  action  and  the  length 
of  time  it  may  take  to  operate.  It  is  considered  as  established,  from 
what  has  been  said  of  the  regimen  of  the  river,  that  the  mean  high- 
water  slojie  of  the  Mississippi  is  nearly  invariable,  or  subject  only  to 
oscillations,  and  depends  on  the  stability  of  the  soil,  being  modified 
locally  by  natural  circumstances  incident  to  such  rivers,  such  as  bends. 
It  does  not  depend  on  the  shape  of  the  bottom,  but  is  itself  the  cause  of 
that  shajie ;  though  after  forming  it,  should  changes  occur  in  tlie 
regimen,  it  v;iil  for  a  time  be  more  or  less  constrained  by  it.  When 
the  discharge  is  lessened  by  overflow,  crevasse  or  otherwise,  the  velocity 
is  diminished  and  the  cross-section  reduced  by  the  rise  of  the  bottom. 
When  the  discharge  is  restored,  by  the  leveeing  of  the  bank  or  the 
closure  of  the  crevasse,  the  silt  accumulated  during  the  reduction  is 
scoured  out  again.  During  these  operations  the  slope  does  not,  of  course, 
remain  unaltered.  While  the  first  process  is  going  on,  the  slope  is 
steepened  at  first  by  the  abrupt  lowering  of  the  water-surface  at  the 
outlet,  but  its  velocity  is  lessened  by  the  greater  friction  of  the  reduced 
cross-section  and  by  the  effect  of  the  cross-current  over  the  bank.  Hence 
the  fill,  beginning  below,  but  gradually  extending.  During  the  second 
l^rocesp,  the  slope  is  flattened  at  first,  then  becomes  normal,  but  its 
velocity  is  increased  because  of  the  greater  volume.  Hence  scour  ensues. 
This  is  ordinarily  said  to  be  a  slower  process  than  fill.*  In  front  of  a 
great  comparatively  unleveed  bottom  like  that  of  the  St.  Francis,  or  one 
full  of  crevasses  like  the  Tensas  Basin,  which  has  been  in  this  con- 
dition for  twenty  or  thirty  years,  the  accumulation  of  silt  on  the  bottom 
is  very  considerable,  and  has  been  consolidated  by  time.  It  is,  there- 
fore, not  easily  to  be  removed.  It  is  said  that  the  elevation  of  portions 
of  the  bottom  in  front  of  the  St.  Francis  Basin  amounts  to  several  feet. 
This  is  no  new  j^henomenon.  The  tendency  of  "wild  "  or  unregulated 
streams  to  raise  their  beds  has  often  been  noted,  f 

In  the  case  of  the  St.  Francis  and  Yazoo  fronts,  it  is  hojied  that  the 
process  of  scour  will  be  expedited  by  means  which  will  presently  appear 

*  Captain  Leach's  Testimony,  as  above,  page  34. 

t  See  Wex's  Second  Treatise  on  the  Decrease  of  Water  in  Springs,  Creeks  and  Rivers, 
translated  by  General  Weitzel.     Washington,  1881,  page  19. 
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(see  page  101).  It  will,  in  any  event,  be  mucli  complicated  by  the  fact 
that  a  portion  of  the  energy  due  to  the  increased  velocity  -will  expend 
itself  in  the  bends  against  the  concave  banks.  Nevertheless,  it  is  not  to 
be  doubted  that  the  cross-section  will  at  length  regain  its  proper  dimen- 
sions and  the  slope  its  normal  inclination.  The  addition  of  fifty  per 
cent,  or  more  to  the  volume  of  the  stream— making  1  800  000  or 
2  000  000  feet  of  discharge  where  lately  there  was  only  about  1  200  000— 
is  a  change  so  vast,  and  involves  such  unprecedented  conditions,  that  it 
seems  very  likely  that  the  forces  then  to  be  put  in  operation  may  effect 
great  alterations  with  unexpected  celerity. 

It  is  upon  these  grounds  that  levees  are  held  by  the  Mississippi 
River  Commission  to  be  useful  adjuncts  to  the  improvement  of  naviga- 
tion. It  is  believed  that  all  the  bad  reaches  lie  in  places  of  reduced 
cross-section.  There  appears  a  great  probability  that  the  lowering  of 
the  bed  of  the  river  where  it  has  been  abnormally  raised  will  result  in 
a  much  better  shape  and  greater  depth  of  the  low- water  channel. 

It  has  been  urged  against  the  holding  of  concave  bends  in  particular 
cases,*  and  it  applies,  of  course,  to  levees  in  such  localities,  that  they 
are  injurious  to  the  low-water  bed,  by  deepening  and  enlarging  the  long 
pools  in  the  bends,  thus  concentrating  the  slopes  in  the  shoals.  This  is 
certainly  not  true  in  many  instance.^,  from  the  fact  already  adverted  to, 
that  the  river,  in  time  of  flood,  will  not  follow  the  concave  bends  where 
they  are  very  long  and  round,  but  seeks  shorter  routes.  This  is  well 
exemplified  by  a  study  of  the  grade  line  in  Plate  XIII.  It  has  often 
been  remarked  that  regions  of  deep  bends  are  remarkably  free  from 
shoals,  such  as  the  series  of  bends  shown  in  Plate  IX. 

The  question  as  to  the  closing  of  the  St.  Francis  and  Yazoo  fronts  is 
of  great  interest  to  levee  engineers.  Until  1885  the  upper  portion  of  the 
latter  front  was  only  partially  leveed,  and  the  former  has  only  fragments 
of  levees  to  this  day.  In  time  of  flood  the  water  escaped  over  the  banks 
of  both  in  enormous  quantities,  and  flowed  southward  until  it  en- 
countered the  hills  which  bound  those  basins,  when  it  was  suddenly 
returned  through  the  country  adjacent  to  the  mouths  of  the  St. 
Francis  and  Yazoo  Eivers,  raising  the  flood-line  rapidly  and  enormously 
for  several  days  in  succession.     This  will  be  made  more  evident  from  an 


♦Hagen,  Memoir  on  the  Construction  of  the  Vistula,  etc  ,  translated  for  the  Mississippi 
Biver  Commission,  by  Henry  Flad. 
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inspection  of  the  hyclrographs  of  the  flood  of  1883  and  1886,  for  Helena, 
at  the  mouth  of  the  St.  Francis,  and  of  1882  and  1884  for  Vicksburg,  at 
the  mouth  of  the  Yazoo.     See  Plates  XIV  and  XV. 

There  is  not  an  entire  consentaneity  among  engineers  emj^loyed  in 
river  improvement  in  this  matter,  but  it  is  the  i^revailing  opinion  that 
the  eflfect  of  a  complete  closure  of  the  St.  Francis  front  would  be  to 
reduce  this  extreme  flood-height  at  Helena.  I  have  never  seen  the 
question  discussed  in  print,  but  the  gist  of  the  argument  is  about  this: 
Consider  the  case  of  the  Mississippi  at  flood  height,  and  completely  con- 
fined by  levees  from  Cairo  to  Helena.  It  is  then  doing  its  full  duty.  ■ 
Now  make  a  huge  crevasse,  or  series  of  crevasses,  in  the  upper  portion 
of  the  basin  and  withdraw  say  one-sixth  of  its  volume  for  fifteen  days. 
The  discharge  will  be  reduced  from  1  800  000  cubic  feet  per  second  to 

1  500  000.  Then  the  river  bed  below  the  crevasse  is  not  doing  its  full 
duty  for  the  time  specified.  Now,  suddenly  restore  the  quantity  of 
water  abstracted,  through  the  mouth  of  the  St.  Francis,  at  the  lower 
end  of  the  basin,  in  fifteen  days.  As  the  river  has  been  doing  less  than 
its  duty,  so  now  it  will  have  to  do  more,  and  the  flood-height  will  be 
raised  accordingly.  It  is  usually  about  eleven  days  from  the  crest  of 
the  rise  at  Cairo  to  the  highest  point  of  the  outflow  from  the  St.  Francis, 
but  the  abstraction  has  then  been  going  on  for  perhaps  two  or  three 
weeks.  The  swell  from  the  return  flow  occupies  about  fifteen  days,  but 
there  is  sometimes  a  considerable  flow  from  the  basin  for  a  longer  period, 
depending  on  the  magnitude  and  duration  of  the  flood. 

The  same  reasoning  holds  good  for  Vicksburg,  at  the  foot  of  the 
Yazoo   Basin.     It  is   inferred,  on  other  grounds,  that  a  discharge  of 

2  000  000  feet  (the  maximum  of  the  greatest  known  flood,  that  of  1882), 
could  be  passed  at  a  gauge-height  five  feet  above  the  high- water  mark 
of  1888.  This  was  44.2  on  the  Vicksburg  gauge,  and  would  give  49.2  as 
the  maximum  to  be  reached  hereafter,  against  51.1  in  1862.  The  evi- 
dence, so  far  as  it  goes,  is  not  decisive  in  favor  of  this  opinion,  and  it 
has  been  controverted  on  other  grounds  which  do  not  appear  weighty. 
The  question,  however,  is  not  at  all  a  simple  one  and  needs  further 
investigation. 

It  is  this  hoped-for  lowering  of  the  flood-line  at  Helena  and  Vicks- 
burg which  is  expected  to  facilitate  the  scouring  process  in  front  of  the 
St.  Francis  and  Yazoo  Basins  on  the  completion  of  their  levee  systems. 
In  place  of  the  normal  slope  above  indicated  (page  102),  as  the  eflfect  of  a 
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closure  of  crevasses,  there  would  be  a  steepeuing  at  the  lower  end  which 
would  cause  the  scour  to  progress  much  more  rapidly. 

Apprehensions  have  sometimes  been  expressed  that  the  bed  of  the 
river  might  be  raised  by  levees.  This  is  not  possible.  If  the  bed  is 
raised  at  all  it  will  be  in  spite  of  levees,  not  because  of  them.  Of  course, 
it  is  perfectly  possible,  and  indeed  it  is  necessary,  that  in  an  uncom- 
pleted flood-plain  (such  as  presents  itself  when  a  river  is  suddenly 
diverted  from  its  old  bed  and  compelled  to  traverse  a  new  plain  of  flat 
slope),  the  process  of  raising  tbe  upper  portion  thereof  should  go  on 
until  the  proper  slope  is  reached.  From  all  accounts,  such  must  be  the 
situation  in  the  case  of  the  Yellow  River  in  China,  and  in  other  cases 
where  the  embanking  of  the  stream  has  been  attended  by  a  rise  of  the 
bed.  All  that  can  be  said  is  that  the  same  process  would  have  gone  on 
to  a  still  greater  extent  had  there  been  no  levees. 

III. — The  third  object  of  improvement  has  been  stated  to  be  the 
jjrotection  of  the  banks  from  the  inroads  of  the  river,  and  this  not  as  a 
mere  part  of  contraction  works,  but  for  its  own  sake. 

The  chief  drawback  to  the  usefulness  of  the  Mississippi  in  all  respects 
is  its  instability,  and  a  great  portion  of  this  instability  is  directly  due  to 
its  caving  banks.  The  reason  why  there  are  no  great  towns  along  the 
alluvial  banks  of  the  river  is  that  they  have  no  permanent  site  to  stand 
on.  It  is  from  the  banks,  for  the  most  part,  that  the  material  is  drawn 
which  goes  to  form  the  shoals.  It  is  the  lengthening  of  the  bends  that 
induces  the  conditions  favorable  to  cut-offs  ;  and  the  cut-offs  could  not 
be  comjDleted  without  a  continuation  of  the  caving  process.  Hold  the 
banks  and  you  disembarrass  the  task  of  improving  the  river  of  its  most 
formidable  part.* 

The  remedy  for  caving  banks  must  depend,  of  course,  upon  the 
origin  of  the  evil.  The  cause  assigned  in  a  previous  portion  of  this 
paper — namely,  direct  impact — is  that  usually  accepted  by  engineers 
familiar  with  river  work,  but  it  has  not  met  with  iiniversal  acquiescence. 
One  eminent  dissentient  was  the  late  Mr.  Eads,  who  maintained  that 
the  w  hole  matter  depended  upon  the  degree  to  which  the  water  was 
already  loaded  with  sediment.  Given  a  stream  with  a  certain  velocity, 
carrying   the   quantity   of    sediment    corresponding   to   that   velocity, 

*  Professor  Mitchell  early  expressed  the  idea  that  "the  holding  of  the  curves  by  revet- 
ment  or  otherwise  antedates  logically  the  retrenchment  which  is  to  deepen  the  water  at  the 
bars."    Report  of  Mississippi  River  Commission  for  1882,  page  263. 
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and  it  was  contended  that  it  could  transjiort  no  more.  Therefore,  a 
bank  exj^osed  to  the  action  of  such  a  stream  was  perfectly  safe.  It  could 
cave  no  longer.  The  reason  that  banks  ordinarily  cave  in  concave 
bends  is,  according  to  this  theory,  that  the  water  has  dropped  its  load 
uj^on  the  shoal  above,  and,  as  it  acquires  fresh  accessions  of  velocity 
after  leaving  the  shoal,  becomes  endowed  with  an  additional  capacity 
for  transportation.  It  can  "  take  up  "  more  solid  matter,  and  this  it 
does  until  it  is  saturated,  when  the  process  ceases.  Hence  Mr.  Eads 
proposed  to  prevent  caving  in  concave  bends,  or  wherever  it  occuiTcd, 
by  building  contraction  works  on  the  shoal  above.  The  stream  would 
thus  gorge  itself  with  sediment  and  would  be  incapable  of  doing  further 
harm.  It  is  an  essential  part  of  this  theory  that  the  river  is  always 
saturated  with  the  quantity  of  sediment  due  to  the  velocity,  the  quan- 
tity varying  with  the  square  of  the  velocity.* 

This  doctrine  appears  to  make  no  allowance  for  the  distance  to  which 
the  matter  may  be  carried,  and  yet  this  apjiaars  to  be  tlie  essence  of  the 
whole  matter.  The  whole  subject  of  the  suspension  of  solids  in  a  liquid 
is  little  understood.  By  some  it  is  merely  attributed  to  the  effect  of 
parallel  and  level  currents;  by  others  to  vertical  currents;  and  it  is  cer- 
tainly true  that  some  light  matters  are  held  in  a  state  of  suspension  for 
an  indefinite  period  in  water  which  is  absolutely  stagnant.  Admitting, 
however,  that  there  is  a  normal  state  of  saturation,  so  called,  correspond- 
ing, for  a  given  matter,  to  a  given  velocity,  still  this  must  be  under- 
stood only  on  the  large  scale;  such  a  quantity  is  all  that  can  be  perma- 
nently transported  for  great  distances.  Take  a  stream  so  charged,  and 
throw  into  it  a  pound  or  a  ton  of  the  same  matter.  Will  it  go  straight 
to  the  bottom?  Not  by  any  means.  It  will  be  carried  a  greater  or  less 
distance  and  eventually  dropped.  This  is  actually  what  consantly 
occurs  on  the  Mississippi.  The  water  in  the  grand  mean  has  no  more 
than  it  can  carry  to  the  Gulf.  But  it  temporarily  takes  up  in  the  bends 
much  more  than  its  proper  load,  and  drops  it  on  the  shoals.  Further- 
more, Mr.  Eads'  theory  takes  no  account  of  the  sudden  changes  of 
direction  of  the  stream,  whereby  obstacles  are  abrui^tly  thrown  into 
its  path — in  other  words,  of  the  efi'ect  of  bends.  Yet  both  reason  and 
obsertation  would  assign  it  an  important  j^art. 

*  These  views  of  Mr.  Eads"  have  been  repeatedly  expressed  in  newspaper  articles  and 
pamphlets.    I  do  not  know  that  they  exist  in  a  permanent  form. 
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In  diametric  oi)position  to  Mr.  Eads  comes  Major  Powell,  who  main- 
tains* that  the  active  agent  of  con-osion,  as  he  calls  it,  is  the  sediment 
already  in  suspension,  acting  (as  an  engineering  friend  expresses  it)  like 
liquid  sand-paper.  Thus,  the  more  matter  the  water  carries,  the  more 
it  will  dislodge;  of  course,  within  certain  limits.  According  to  Major 
Powell,  revetment  only  shifts  the  evil  from  one  point  to  another.  The 
true  remedy  is  reservoirs,  in  the  nature  of  settling  basins.  The  vast 
majority  of  engineers  believe  in  actual  direct  protection  of  the  banks. 
For  some  time  it  was  a  matter  of  dispute  whether  this  was  practicable, 
but  that  question  seems  to  have  been  settled.  There  is  no  higher 
authority  on  this  point  than  Cai)tain  Leach;  and  he  declares!  that  work 
like  the  Memi)his  revetment  "will  certainly  protect  any  alluvial  l)ank 
on  the  Mississippi  River,  no  matter  how  difficult." 

Work  us3d  for  the  protection  of  banks  is  usually  classed  under  the 
general  head  of  "  revetment,"  though  a  distinction  may  with  propriety 
be  made,  the  term  revetment  being  strictly  apjDlicable  only  to  a  con- 
tinuous covering  or  facing,  such  as  is  commonly  emjiloyed  for  this  pur- 
pose. The  only  other  method  in  vogue  at  present  i->  that  of  submerged 
spurs,  which  seeks  to  accomplish  the  same  object  by  d3tached  works. 

Continuous  revetment  is  usually  efifected  by  weaving  a  mattress  of 
poles  and  brush  and  sinking  it  with  stone.  The  mattress  is  made  so 
wide  as  to  extend  beyond  the  foot  of  the  caving  bank,  and  partly  up  the 
opposite  slope  of  the  bottom.  The  work  is  completed  above  the  water- 
line  by  grading  away  the  bank  (usually  by  a  hydraulic  jet),  and  covering 
it  with  a  grillage  of  similar  materials,  loaded  with  stone.  It  has  lately 
been  proposed  to  use  stone  alone,  without  brush,  for  the  upper-bank 
revetment,  and  doubtless  the  experiment  will  soon  be  tried. 

The  submerged  spurs  are  very  much  like  the  German  Grund- 
schwellen.  They  are  comjjosed  of  crib-work,  and  are  protected  from 
scour  by  mattresses  200  feet  in  breadth  under  them.  The  dikes  are 
placed  about  450  feet  a]jart.  Like  the  continuous  revetment,  they 
extend  beyond  the  foot  of  the  slope  of  the  bank. 

Both  classes  of  work  are  built  uj^on  ways,  launched  as  completed, 
ballasted  so  as  barely  to  float,  then  rapidly  loaded  and  sunk.  The  mats 
are  divided  into  squares  by  a  tojj  tier  of  poles,  to  aid  in  holding  the 


*  In  Science  for  August  2ith  and  Kovember,  188S. 
t  Report  of  Chief  of  Engineers  for  1888,  page  2205. 


108  STABLING   ON   THE   MISSISSIPPI   RIVER. 

stone,  and  the  cribs  are  made  in  sections,  built  hopper-shape,  each  of 
which  forms  a  weighting-pocket. 

The  ofiSce  of  the  revetment  j)roper  is  purely  conservative.  It  is 
intended  to  hold  the  bank  exactly  as  it  is.  The  spurs,  like  the  Grund- 
schwellen,  are  designed  to  promote  a  fill  between  them. 

The  latter  class  of  works  has  not  yet  had  a  complete  trial.  They  have 
been  used  at  Memphis,  at  Greenville  and  at  New  Orleans.  Under  the 
influence  of  very  r&ind  currents,  there  seems  to  be  some  tendency  to 
scour  between  them,  due  jirobably  to  overfall  and  eddies. 

Nothing  has  been  said  of  the  jetties  at  the  mouth  of  the  river,  as  they 
hardly  come  within  the  scope  of  this  paper.  Suffice  it  to  say  they  are 
a  very  successful  and  beaiitiful  application  of  the  principle  of  contrac- 
tion.    Information  upon  the  subject  is  easily  accessible.* 

It  was  formerly  a  favorite  notion  with  the  dwellers  on  the  banks  of 
the  Mississiijpi,  that  it  was  subject  to  no  laws.  Even  the  most  bigoted 
are  now  beginning  to  acknowledge  that  it  differs  from  other  streams 
only  in  size,  and  that  science  and  skill  and  money  will  be  as  efifectual 
for  good  here  as  elsewhere. 

*Corthen's  History  of  the  Jetties,  New  York,  1881. 
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THE  IMPROVEMENT    OF    CHANNELS   IN   SEDIMENT 
ARY  RIVERS. 


Bv    George    H.    Henshaw, 


WITH  DISCUSSION. 

Of  all  engineering  works  for  the  purpose  of  intercommunication  be- 
tween peoples,  perhaps  the  earliest  are  those  of  a  hydrological  character. 
Not  to  speak  of  the  ancient  canals  of  Egypt,  Babylon,  etc.,  we  have  the 
more  modern  example  of  a  whole  country  reclaimed  from  the  sea  and 
made  accessible  by  inland  navigation,  as  in  the  case  of  Holland.  Fol- 
lowing this  feat  came  the  era  of  canals,  which  has  lasted  down  to  the 
present  generation,  during  which  the  invention  of  railroads  and  their 
astonishing  multiplication  has  entirely  eclipsed  these  slower  modes  of 
transportation,  or  at  least  reduced  them  to  the  position  of  regulators  of 
commerce. 

The  possession  of  navigable  rivers,  however,  is  still  justly  regarded 
as  a  most  important  factor  in  the  prosperity  of  a  country,  and  this  is 
practically  proved  by  the  fact  that  the  towns  situated  at  the  head  of 
navigation  remain  always  lai'ger  and  more  prosperous  than  other  inland 
centers  in  spite  of  railroad  enterprise  elsewhere,  though  no  doubt  they 
retain  their  place  through  the  full  share  of  railroad  communication 
which  they  naturally  attract. 
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Of  course  the  reason  of  tliis  superiority  lies  in  the  fact  that  goods 
coming  by  sea  are  brought  further  into  the  country  without  trans- 
shipment. 

Unfortunately,  many  of  the  largest  of  these  great  arterial  channels  of 
communication  run  through  sdIIs  of  an  alluvial  character,  and  are  there- 
fore much  hindered  in  their  course  by  shallows  and  obstructions,  as  well 
as  by  bai-s  formed  at  their  mo^iths  by  the  sediment  they  have  borne  into 
the  sea;  the  mode  of  dealing  with  the  latter  difficulty  having  only  recently 
been  demonstrated,  iu  the  case  of  the  Mississippi  River,  by  the  success- 
ful enterprise  of  a  distinguished  natural  genius.  Up  to  that  time 
attemjjts  of  the  kind  had  been  deemed  too  hazardous  to  venture  uj^ou,  and 
the  main  efforts  of  commercial  enterprise  were  directed  towards  railway 
connection  with  those  jjorts  whose  natural  advantages  enabled  them  to 
accommodate  vessels  of  tonnage  suitable  to  the  requirements  of  modern 
traffic. 

The  Mississippi  (which  is  here  taken  for  the  jiurpose  of  illustration) 
was  too  important  a  stream,  forming  as  it  does  with  its  tributaries  the 
natural  outlet  of  a  large  number  of  the  Western  States,  to  be  neglected 
by  the  United  States  Government,  and  for  a  number  of  years  efforts 
have  been  making  to  remove  shoals  and  other  obstructions  and  imi^rove 
its  navigation. 

Justly  to  appreciate  the  difficulties  attending  these  efforts  a  short 
physical  retrospect  of  this  river  may,  though  familiar  to  many,  be  per- 
mitted. 

Whether  hiTman  eye  ever  rested  on  the  first  formation  of  the 
Mississij^iji  Eiver,  we  cannot  tell ;  neither  history  nor  tradition  nor 
geology  throw  any  light  uj^on  that  point  ;  but  geology  does  tell  us  that 
at  one  time  its  whole  region  was  a  sea,  extending  from  the  Gulf  of 
Mexico  to  the  Arctic  Ocean  and  down  the  St.  Lawrence  Talley  to  the 
Atlantic,  making  the  northern  part  of  Canada  one  island,  and  the  New 
England,  Eastern  and  Middle  States  another,  or  more  probably  an 
archipelago.  The  upheaval  of  the  northern  portion  of  this  area  caused, 
first,  the  appearance  of  the  great  lakes  and  the  St.  Lawrence,  while  a 
continuance  of  the  same  movement  gradually,  at  low  Avater,  defined  the 
l^osition  of  the  Mississii^pi  system,  which  might  be  seen  cutting  its  way 
through  the  diluvium  left  by  the  retreating  sea,  being  bounded  on 
either  side  by  vast  areas  of  low,  marshy  ground.  At  high  water,  how- 
ever, these  marshes  would  be  covered  by  an  expanse  of  water,  deposit- 
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ing  upon  them  the  sedimeut  brought  down  in  suspension.  The  e£fect 
of  this  would  be  to  raise  a  broad  bait  of  sediment  on  each  side  of  the 
main  current,  so  that  at  last  the  river  would  occupy  the  axis  of  a  ridge 
instead  of  a  valley,  which  indeed  is  actually  the  case. 

Of  course,  in  obedience  to  a  universal  law,  the  river  would  become 
tortuous;  but  the  principal  effect  which  concerns  us  is,  that  a  stream 
which  thus  forms  its  own  barriers,  teads  to  widen  its  borders  by  fre- 
quently changing  its  channel  under  a  law  which  compels  it  to  seek  lines 
of  least  resistance,  rather  than  to  remain  in  one  channel,  and,  by  so 
doing,  induce  a  scour  which  would  secure  a  depth  throughout  compe- 
tent to  establish  a  safe  and  permanent  navigation.  One  other  result  of 
this  formation  may  be  noted  in  passing.  Under  the  varying  conditions 
of  its  creation,  whether  on  account  of  cosmic  elevation  or  the  excava- 
tion of  its  bed,  or  both  combined,  parts  of  the  river  in  flood  time  are 
held  within  its  banks,  while  others,  less  favorably  conditioned,  have  their 
natural  banks  overflowed,  making  necessary  the  construction  of  artificial 
*'  levees  "  to  keep  in  the  water. 

Now,  bearing  in  mind  that  the  object  sought  is  to  secure  a  perma- 
nently navigable  channel,  it  is  plain  that  merely  protecting  the  banks 
or  bluffs  from  erosion  can  have  no  effect  beyond  preventing  a  certain 
fimount  of  sediment  being  added  to  that  already  encumbering  the 
stream;  the  old  varying  conditions  still  exist  over  the  sjjacious  bottom, 
and  in  some  way  these  must  be  altered. 

To  do  this  effectively  bat  two  methods  seem  i>ossible,  eac-h  distinct 
from  the  other  in  principle.  They  have,  however,  a  common  ground  in 
the  acknowledge!  proposition,  that  an  ideal  river  is  one  whose  banks 
are  coincident  with  the  sides  of  its  channel,  and  whose  cross-section  is 
competent  to  inclose  its  flood  Avater. 

Broadly  stated,  the  first  method  consists  in  the  use  of  either  solid 
dams  or  barriers  i^ermeable  to  water  extending  from  the  shore  to  the 
channel,  for  the  double  purpose  of  directing  the  latter  into  its  desired 
course  and  accumulating  sediment  at  its  sides.  The  result  looked  for  is 
a  contraction  of  the  river  bed  to  the  required  limits,  but  the  following 
objections  may  be  urged  against  this  plan: 

First. — That  structures  of  the  kind,  whether  solid  or  permeable,  ijre- 
sent  direct  opposition  to  the  natural  flow  of  the  stream,  their  height  and 
area  of  obstruction  being  the  measure  of  their  resistance  and  consequent 
liability  to  be  undermined  and  destroyed.     Besides  this,  their  elevation 
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above  the  bottom  exposes  them  proportionally  to   destruction  from 
trees,  snags  and  other  floating  "  drift." 

Second. — That  in  case  these  structures  are  destroyed,  the  large  local 
accumulations  of  sediment  which  they  cause  are  thrown  upon  the  lower 
river,  seriously  endangering  its  channel.  It  must  always  be  hazardous 
to  introduce  artificial  conditions  strongly  in  contrast  with  the  existing 
natural  conditions. 

Third. — That  an  attempt  to  obviate  the  danger  by  simultaneously 
improving  a  great  length  of  channel  by  this  means  would  be  extremely 
diflScult  on  account  of  the  great  labor  and  cost,  and,  if  carried  on  at 
different  points,  it  has  been  found  that  even  where  locally  successful,  the 
obstruction  removed  has  often  been  transferred  to  unimproved  points 
lower  down  the  river. 

Fourth. — That  the  conditions  of  the  river  being  so  variable  that  no 
general  rules  can  be  devised  which  can  in  all  cases  be  applied,  the  success 
of  these  structures  in  one  lAace  is  no  criterion  for  their  success  in  others; 
a  fact  which  has  been  amply  and  practically  proved  by  the  experience  of 
those  engaged  in  the  work. 

Fifth. — That  the  principle  itself  involved  in  these  structures  is 
defective,  since  it  is  an  attempt  in  the  direction  of  forming  the  ideal 
river  directly  the  reverse  to  the  process  by  which  ideal  rivers  are  natur- 
ally formed.  The  ideal  river,  where  naturally  found,  is  not  formed  by 
building  up  its  own  banks  ;  it  cuts  its  way  through  a  refractory  formation. 
It  deepens  rather  than  widens,  because,  under  the  law  of  movement  in 
lines  of  least  resistance,  it  can  bring  the  forces  of  velocity  and  depth 
against  the  bottom,  while  lateral  friction  is  all  it  can  bring  against  the 
sides. 

The  second  method,  which  is  the  main  subject  of  this  paper,  makes 
no  attempt  to  accumulate  sediment.  Its  object  is  to  supply  artificially 
to  the  bottom,  on  each  side  of  the  desired  channel,  that  element  of 
resistance  to  erosion  which  is  essential  to  the  ideal  river ;  and  it  relies 
ujaon  the  action  of  the  inevitable  law  just  mentioned  to  scour  out  the 
channel  and  continue  to  do  so,  to  a  depth  only  limited  by  the  slope  of 
the  river,  or  by  encountering  a  stratum  that  cannot  be  naturally  eroded. 
By  this  means  it  is  expected  that  the  ideal  river  will  shape  itself  under  a 
strictly  natural  process,  for  it  will  be  seen  that  the  artificial  aid  intro- 
duced acts  solely  in  supplying  a  natural  deficiency. 
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The  device,  the  i^riuciple  of  ■nliich  has  just  "been  giveu,  consists  of  a 
loose-woven,  permeable  fence,  made  of  the  lightest  and  most  flexible 
material,  such  as  osier  willow  and  the  like.  This  is  first  laid  in  a  con- 
tinuous line  with  the  channel,  at  a  distance  from  each  side  of  it  to  be 
fixed  according  to  circumstances — as  a  rule,  about  300  feet.  This  line  is 
connected  at  the  up-stream  end,  and  at  other  jilaces  where  needed,  with 
the  shore  by  similar  fence  strips,  while  others  are  run  out  in  a  series  of 
spurs  to  the  edge  of  the  desired  channel.  The  arrangement  is  shown 
diagrammatically  in  Fig.  1  of  the  accompanying  sketch  (Plate  XVI). 
Figs.  2  to  5  are  details  of  the  device.  The  strips  are  made  in  sections  8 
to  10  feet  long  or  more,  which  are  fastened  together  in  such  a  way  as  to 
allow  the  whole  when  laid  down  to  follow  the  curvatures  of  the  bottom. 

Fig.  2  is  the  base  of  one  of  these  sections.  It  is  an  open  frame  of 
2x2  inch  scantling,  with  cross-pieces  at  convenient  distances  apart. 
Four  strong  wires,  two  on  each  side  of  the  center  line  and  fastened  by 
staples,  are  for  holding  the  upright  fence,  the  mode  of  securing  which 
is  shown  in  section  Fig.  5.  Fig.  3  is  a  side  elevation,  showing  its  light 
and  permeable  character.  Fig.  4  shows  the  end  section  of  the  fence  at 
the  edge  of  the  channel.  It  is  triangular,  being  of  full  height  at  its 
attachment  to  the  next  section,  and  diminishes  to  nothing  at  the  other, 
forming  a  slope  of  3  or  4  to  1.  This  is  done  to  reduce  the  resistance  at 
the  channel  edge  to  a  minimum.  It  is  well  known  that  water  flowing 
l^ast  an  obstacle  burrows  downward  or  undermines  in  i^roportion  to 
the  height  and  cross-sectional  area  of  the  obstructed  flow  ;  but  this 
point  will  be  further  noticed  when  the  operation  of  the  device  is  de- 
scribed. 

Slabs  of  clay  are  used  as  ballast  in  sinking  the  fence  to  its  jjosition. 
They  are  placed  along  the  center  before  wattling,  or  upon  the  base,  at 
each  side  of  the  upright  fence  (see  Fig.  5,  Plate  XVI).  Clay  is  preferred 
to  stone  because  it  brings  the  center  of  gravity  lower  and  because  it  will 
keep  its  place  securely  while  launching. 

The  fence  is  about  3  feet  high,  the  height  assumed  to  be  best  for 
the  purposes  intended.  Its  structure  is  calculated  to  accumulate  sedi- 
ment, but  only  to  the  extent  of  covering  its  base  and  anchoring  it  firmly, 
while  its  gi'eat  flexibility  gives  it  when  partially  silted  up  a  permanent 
set  down-stream.  Its  regular  construction  and  even  toi^  line  is  intended 
to  spread  the  sediment  afi'ected  by  it  smoothly  over  the  bottom  of  the 
river. 
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Fig.  6  is  a  diagram  cross-section,  showing  the  operation  of  the  device 
under  the  least  favorable  conditions — namely,  where  the  channel  ha» 
been  shoaled  across,  forming  a  bar  which  must  be  cut  through. 

The  continuous  line  is  the  bottom  before  operations  have  begun. 
The  cross-hatched  line  is  the  fencing  strip,  and  the  dotted  line  the  effect 
produced  upon  the  channel  and  its  sides  through  the  law  which  com- 
pels it  to  seek  the  line  of  least  resistance.  The  accumulation  of  sedi- 
ment shown,  thrown  off  laterally  by  the  relatively  greater  speed  of  the 
channel  current  is  an  action  which,  while  it  cannot  be  theoretically  dis- 
l^uted,  is  also  i^ractically  proved,  not  only  by  the  fact  that  the  river  itself 
flows  upon  an  elevation  of  its  own  making,  but  that  the  jetties  at  its 
mouth  were  backed  up  by  sediment  flowing  over  each  layer  of  the  mat- 
tresses as  fast  as  it  was  laid.  It  is  scarcely  necessary  to  cite  other 
cases. 

In  an  unconfined  channel,  if  able  to  maintain  itself,  the  tendency 
under  the  "  least  resistance  "  law  is  of  course  to  deepen  most  in  the 
middle;  but  where  it  is  confined  this  tendency  is  neutralized  more  or 
less,  and  even  overcome,  according  to  the  character  of  the  barrier  confin- 
ing it.  A  solid  wing  dam  or  a  range  of  piling  will  cause  the  water  to 
burrow  down  close  to  the  obstruction,  if  it  cannot  undermine  it,  and 
thus  bring  the  deepest  part  to  the  side.  Less  and  less  formidable  ob- 
structions will  produce  less  and  less  efi'ect,  and  for  this  reason  the  spur 
ends  have  been  formed  to  produce  the  least  possible  resistance.  Still, 
it  cannot  be  denied  that  even  their  slight  resistance  will  cause  some 
tendency  to  undermine,  and  this  is  provided  for  by  the  short  sections 
into  which  the  strips  are  divided,  the  end  one  sinking  into  the  depres- 
sion and  making  the  protection  even  more  effective  than  before.  It  may 
possibly,  indeed,  be  found  of  advantage  to  form  the  base  of  this  section 
of  iron  rods,  so  as  to  accommodate  itself  more  j)romptly  to  this  action. 

StjppijEmentart  Stkuctures. 

Figs.  7  and  8  have  nothing  to  do  with  the  main  object  above 
described,  and  though  imj^ortant,  are  supplementary  rather  than 
essential. 

Fig.  7  represents  a  strijp  or  fence  similar  to  that  above  described, 
but  ipQodified  to  serve  the  special  purpose  of  filling  up  depressions  and 
so  bringing  the  area  outside  the  channel  i^roi^er  as  near  as  may  be  to  a 
level.     The  vertical  fence  is  therefore  made  of  stouter  and  less  flexible 
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brush  work,  and  its  top  line  is  cut  in  such  a  way  that,  when  laid,  it  will 
become  horizontal  at  a  few  inches  above  the  sides  of  the  depression.  It 
is,  of  course,  only  intended  to  collect  sediment;  but  though  necessarily 
exposed  to  injury  from  floating  objects,  this  danger  is  greatly  reduced, 
both  by  its  not  rising  above  the  general  level,  and  by  its  loose  form  of 
plaiting  or  wattling,  which  allows  such  objects  to  tear  their  way  through 
by  for -ing  the  meshes  apart  without  doing  much  damage.  Its  total 
destruction  even  would  be  a  small  matter- compared  with  the  loss  of  a 
solid  dam  or  other  structure  usually  employed. 

It  is  to  be  noticed  that  all  the  fences  used  under  this  system  are  care- 
fully made  so  that  their  elasticity  may  be  nearly  uniform,  also  that  their 
tops  are  cut  to  a  regular  line.  This,  as  is  stated  in  the  description 
of  the  channel  strips,  is  in  order  to  produce  an  even  sedimentary  de^josit 
over  the  bottom.  Sediment  is  not  brought  into  suspension  in  proportion 
to  the  velocity  of  the  stream,  though  that  may  be  the  cause  of  the  cause; 
the  real  cause  is  agitation.  Water,  therefore,  flowing  over  sediment 
lying  in  heaps  and  ridges,  will,  at  the  same  speed,  raise  and  carry  off  more 
than  if  it  passed  over  a  smoother  surface.  Hence,  by  the  means  proposed 
more  deposit  will  take  place  and  less  sediment  be  carried  away  than  by 
any  other  device  at  present  known. 

Fig.  8  represents  a  protection  to  the  banks  at  places  where  the  current 
impinges  upon  the  shore  at  less  than  a  certain  angle  (salient  or  more 
directly  exposed  points  are  best  protected  by  the  kind  of  mattress  work 
at  present  in  use).  The  brow  of  the  bank  is  trenched  to  the  top  on  the 
line  of  the  slope  and  the  top  edge  of  the  barrier  is  cut  to  a  slojie  of  3  or 
4  to  1.  It  may  be  secured  to  the  bottom  by  stones  or  stakes  and  the 
foot  further  protected  by  fascines;  the  intention  of  course  is,  by  the 
collection  of  sediment  to  fill  up  the  irregularities  of  the  shore  line  and 
reduce  it  to  a  regular  sweep. 

It  will  be  seen  that  by  the  system  here  advocated,  the  ideal  river  will 
form  itself  in  a  natural  manner — that  is,  by  deepening  between  refractory 
bounds — while  at  the  same  time  the  sediment  thrown  off  at  its  sides  is 
building  up  its  banks.  How  much,  or  how  little,  this  deposit  may  be, 
is  a  matter  of  no  importance  to  the  preservation  of  the  channel.  Its 
chief  value  will  lie  in  the  eventual  reclamation  of  land. 

It  is  true  that  in  high  water  there  will  probably  occur  frequent 
attempts  of  the  river  to  leave  the  channel  and  cross  the  shoals;  but  as 
soon  as  it  wears  down  to  the  buried  fencing  strips,  the  incipient  channel 
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will  glide  over  their  inclined  meshes,  and  being  unable  to  go  deeper, 
will  widen,  divide  and  finally  become  obliterated.  Of  course,  should  it 
be  found  advisable  to  fix  the  sediment  and  prevent  this  action,  where  a 
considerable  amount  has  been  superimi^osed,  this  can  be  done  by  laying 
down  another  range  of  strips  similar  to  the  first,  making  the  bounda- 
ries of  the  channel  still  more  impervious. 


DISCUSSION. 


William  P.  Craighill,  M.  Am.  Soe.  C.  E. — There  seems  to  be  a 
tendency  to  undervalue  canals  at  the  present  time.  Is  this  wise  or 
proper  ?  It  is  true  that  some  canals  have  ceased  to  be  useful,  but  it  is 
equally  true  that  some  railroads  have  never  i^aid  financially.  A  canal  or 
a  railroad  which  is  injudiciously  located  relative  to  natural  lines  of  trade 
will  probably  never  pay.  So,  also,  the  direction  and  character  of  a  line 
of  trade  may  change,  and  the  usefulness  of  a  certain  canal  or  railway  be 
thereby  greatly  diminished  or  entirely  destroyed.  Some  other  canals 
have  been  very  useful  in  spite  of  bad  management  and  jjolitical  misuse, 
and  others  now  closed  would  pay  but  for  these  and  other  causes.  Canals 
are  decried  by  the  great  railroad  interests  and  by  the  newspajjers  con- 
trolled by  them.  The  reasons  are  very  obvious.  A  canal  tow-jjath  or 
bed  makes  an  excellent  and  cheaj)  ready-graded  road-bed  for  a  railroad. 

There  is  an  inter-relation  between  the  several  means  of  internal  trans- 
portation— viz.,  smaller  canals,  ship  canals,  railways  and  rivers — which 
should  not  be  lost  sight  of.  In  a  newly  settled  or  very  thinly  settled 
country  the  main  deiDcndence  must  be  placed  on  the  natural  water- 
courses for  heavy  transportation.  As  pojiulation  iucj-eases  and  the 
country  is  developed,  railways  are  built,  and  for  a  time  they  can  do  all 
the  business  required,  thus  apjaarently  superseding  water  transportation 
altogether;  but  as  the  wealth  and  density  of  poi)ulations  still  farther 
increase,  the  necessity  of  transportation  by  water,  by  rivers  and  canals, 
again  becomes  manifest.  That  this  is  true  is  shown  by  what  is  now 
going  on  in  several  of  the  states  of  Europe. 

It  may  be  freely  admitted  that  for  passenger  traffic  the  day  of  the 
canal  is  past,  unless  it  be  for  such  people  as  the  Irishman  who  requested 
to  be  permitted  to  work  his  passage  on  the  canal  by  walking  on  the  tow- 
path  and  driving  the  horses.  But  the  cheapness  of  the  canal  for  the 
movement  of  bulky  or  heavy  freights  which  will  bear  slow  movement  to 
a  market,  will  always  be  recognized.  The  day  may  come  when  the 
business  of  transportation  of  passengers  will  be  entirely  separated  from 
the  movement  of  freight,  and  great  lines  will  be  given  up  entirely  to 
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the  latter  work.  If,  in  addition,  those  roads  be  so  managed  that  every 
man  may  jiut  his  own  car  on  them  and  have  it  carried  on  equitable 
terms,  another  revolution  in  the  methods  of  freighting  may  be  seen. 

In  this  connection  it  would  be  extremely  interesting  and  profitable 
to  refer  to  the  remarks  on  the  subject  of  canals  by  Mr.  T.  C.  Keefer, 
Past  President  Am.  Soc.  C.  E.,  retiring  President  of  the  Canadian  So- 
ciety of  Civil  Engineers,  in  his  recent  address.  He  gives  us  the  benefit 
of  his  own  exi^erience  and  observation  with  canals,  two  things  which 
make  him  a  most  competent  teacher. 

It  is  very  doubtful  whether  the  means  proposed  by  the  author  for 
the  improvement  of  the  Mississippi  Kiver  would  accomplish  all  that  he 
expects  or  give  any  really  useful  or  permanent  results. 

The  proi^osition  to  build  dikes  of  light  and  flexible  material,  such  as 
brush  or  wattling,  is  not  a  new  one.  Such  dikes  were  in  use  in  our  own 
country  on  the  Missouri  River  for  a  number  of  years,  trials  having  there 
been  made  of  various  forms  of  "weeds,"  "willow  curtains,"  "wire 
screens,"  etc.  The  credit  for  the  dike  of  "weeds"  is  given  to  Colonel 
Brownlow  of  the  Royal  Engineers,  and  a  description  of  it  may  be  found 
in  "Professional  Papers  on  Indian  Engineering,"  April,  1875.  See  also 
Annual  Reports  of  Chief  of  Engineers,  U.  S.  Army,  1879,  Part  I,  page 
654;  1879,  Part  H,  pages  1050  and  1075-76;  1880,  Part  II,  page  1452. 
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CLAMP  FOR  PULLING  SHEET  PILING. 


By  Charles  E.  Emekt,  M.  Am.  Soc.  C.  E. 


The  trenches  of  the  New  York  Steam  Company  vary  from  4^  to  6  feet 
in  width  and  from  5  to  8  and  10  feet  deep.  In  the  lower  part  of  the  city 
most  of  the  soil  is  sandy,  and  although  some  of  the  fills  are  hard  pan, 
the  continual  use  of  the  streets  and  passage  of  heavy  trucks  alongside 
the  trenches  necessitates  sheet  piling  the  sides  quite  closely  to  prevent 
the  caving  of  the  banks.  In  sand  or  any  loose  material  close  piling  is 
always  resorted  to.  The  piling  used  is  sj^ruce  plank  10  feet  long,  10 
inches  wide  and  2  inches  thick.  It  is  driven  down  with  a  wooden  maul, 
slightly  in  advance  or  closely  following  the  excavation,  according  to  the 
nature  of  the  soil. 

It  was  at  first  the  practice  to  pull  the  plank  as  the  filling  was  put  in, 
but  it  was  finally  decided  to  allow  the  plank  to  remain  in  place  until  the 
fill  was  completed,  then  to  pull  each  plank  separately,  sift  sand  in  the 
hole  and  ram  it  with  a  thin,  wide  tamping  bar,  continuing  this  opera- 
tion until  the  hole  was  filled;  then  to  pull  the  next  plank  and  proceed  as 
before. 

During  the  earlier  work  of  the  company,  the  foreman  had  con- 
structed, for  the  purpose  of  pulling  these  planks,  plain  rectangles  of  bar 
iron,  with  an  eye  on  one  of  the  sides  connecting  to  links  with  which  a 
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hook  on  the  pulling  lever  engaged.     The  connecting  eye  being  at  one 
side,  the  clamp  was  tilted  as  it  was  lifted,  so  that  its  edges  engaged  with 
the  soft  wood  with  sufficient  grip  to  enable  the  plank  to  be  pulled.     The 
use  of  this  instrument,  however,  required  that  the  end  plank  of  close 
sheet  piling  be  pried  laterally  sufficiently  to  admit  the  end  of  the  clamp, 
an  operation  requiring  some  delay  and  annoyance.     To  overcome  this 
difficulty,  the  writer  designed  the  clamp  shown  in  the  accompanying 
Plate  No.  XVII,  which,  as  will  be  seen,  is  a  mere  fork  of  iron  with  interior 
paraUel  sides  to  fit  loosely  the  sides  of  a  plank  and  extend  from  one 
edge  to  nearly  its  entire  width.     The  back  and  rear  sides  of  the  fork 
are  thickened  to  stififen  the  open  jaw.     An  eye  is  forged  on  one  of  the 
sides,  a  little  nearer  the  back  than  the  points  of  the  jaws,  so  that  the 
head  and  points  nearly  balance,  and  to  this  eye  is  connected  a  pair  of 
links,  as  shown.     A  heavy  wooden  lever,  iron  bound,  with  hook  to  en- 
gage with  the  links  and  a  heavy  horse  to  form  a  fulcrum,  complete  the 
outfit.     In  practice,  the  clamp  is  slipped  on  the  edge  of  the  endmost 
plank  and  the  lever  simply  worked  up  and  down  ;  the  clamp  loosens  it- 
self and  falls  down  as  the  lever  is  raised  and  binds  as  the  lever  is  de- 
pressed.    Sometimes  five  or  six  men  are  on  the  lever  at  once  to  start  a 
plank  buried  6  or  8  feet  in  the  earth.     The  sizes  shown  are  those  which 
have  been  developed  by  the  practical  members  of  the  force  after  several 
years'  trial. 
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DESTRUCTION    OF    RAILS    BY    EXCESSIVE 
WEIGHTS. 


By  Joseph  T.  Dodge,  M.  Am.  Soc,  C.  E. 


WITH  DISCUSSION. 


In  the  Eeport  of  the  Committee  presented  at  this  Convention,*  there 
are  carefully  engraved  diagrams  of  the  cross-sections  of  sixteen  pairs 
of  rails,  mtieh  worn  by  use.  The  sections  were  taken  with  a  view  of 
shedding  light  uj^on  the  proper  radius  for  the  corners  of  rail-head  and 
the  flange  fillet  of  wheels. 

The  significance  of  the  diagrams  for  the  purpose  intended  is  very 
marked,  but  they  convey  a  lesson  of  still  more  definite  import  in  another 
resj)ect.  They  show  conclusively  the  flow  of  the  metal  of  the  rails 
under  the  excessive  weights  constantly  passing  over  them. 

On  the  rails  of  a  fast-speed  tangent  no  lip  is  perceptible  on  either  rail, 
but  on  like  rails  for  slow  speed  the  lip  is  clearly  visible.  On  the  rails  of 
a  fast-speed  curve,  there  is  a  heavy  lip  on  the  outside  of  the  inner  rail, 
and  only  a  very  slight  one  on  the  outside  of  the  outer  rail. 

On  a  slow-speed  curve  the  lip  upon  the  outer  rail  is  more  marked, 
and  on  the  inner  rail  a  little  less  so  than  on  the  fast-s^jeed  curve. 

These  facts  harmonize  with  what  is  to  be  seen  in  almost  any  railroad 
yard,  the  speed  being  slow  and  the  destruction  of  rails  by  the  flow  of 
metal  something  enormous. 

*  Eeport  of  Committee  on  Relation  of  Sections  of  Railway  Wheels  and  Rails,  Vol.  XIX, 
page  1,  July,  1888. 
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They  also  clearly  indicate  that  wheels  carrying  excessive  weight  may 
pass  harmlessly  over  rails  at  high  speed,  like  a  boy  skating  over  thin  ice, 
when  at  slow  sj^eed  they  would  be  very  destructive. 

It  has  been  argued  that  because  in  a  certain  experiment  where  a 
pressure  of  53  760  pounds  per  square  inch  was  applied  to  a  piece  of  soft 
iron  by  a  steel  die  J  inch  square  before  producing  a  perceptible  indenta- 
tion, therefore  an  engine  or  car-wheel  on  a  steel  rail  cannot  produce 
any  distortion  of  fiber.  Now,  argument  is  good  in  its  place,  but  it  can- 
not controvert  the  facts  before  our  eyes. 

That  the  metal  of  the  rails  flows  under  the  weight  of  the  wheels  is  a 
fact  of  observation.  That  those  weights  are  excessive  is  a  conclusion  of 
reason. 

No  form  of  rail  can  be  devised  which  will  insure  any  definite  area  of 
bearing  for  each  engine  wheel  or  each  car  wheel.  These  bearing  areas 
will  vary  as  the  radii  of  the  wheels.  They  should  also  vary  as  the  width 
of  the  rail  heads.  They  will  vary  also  according  to  the  condition  of  the 
tires,  some  being  flat  and  some  made  concave  by  wear.  Oar  wheels  are 
usually  curved;  drivers  are  not;  hence  by  no  possibility  will  all  the 
wheels  of  a  train  have  the  same  contact  with  any  one  rail. 

The  conclusions  deducible  from  the  foregoing  appear  to  be  as  follows : 
diameters  of  wheels]  should  be  as  large  as  practicable;  rail-heads  should 
be  as  wide  as  practicable;  tires  should  be  kept  as  flat  and  perfect  as 
practicable. 

As  to  the  diameters  of  the  wheels,  the  area  of  contact  of  wheel  with 
rail  being  directly  as  the  diameters,  the  weights  to  be  carried  should 
decrease  in  like  ratio. 

If  15  000   pounds  is   a  permissible  weight  for 5-foot  wheel, 

then   12  000  pounds  would  be  an  equivalent  load  for . . .  4-foot       • ' 
9  000       "  "  "  "  "       "         3-foot       " 

8  250       "  •'  "  "  "       "      33-inch      " 

Hence  an  eight-wheel  freight  car  weighing  25  000  pounds,  when  loaded 
with  41  000  jDounds  additional  will  be  fully  as  destructive  to  the  rails  as 
a  Consolidation  Locomotive  carrying  96  000  pounds  on  its  eight  drivers 
of  4  feet  diameter.  Switch  engines,  having  large  loads  upon  small 
wheels,  prove  very  destructive  to  rails,  as  may  be  seen  in  almost  any  city. 
In  view  of  the  facts  just  stated,  the  tendency  to  increase  the  weight 
of  rolling  stock  seems  to  me  to  have  passed  its  proper  limits  and  that 
we  should  call  a  halt. 
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DISCUSSION. 


W.  W.  EiCH,  M.  Am.  Soc.  C.  E. — Mr.  Dodge  suggests  that  I  discuss 
this  subject.  I  have  made  no  preparation  to  do  so,  but  in  conversation 
"with  him,  I  have  learned  his  views  and  exj^ressed  my  concurrence.  The 
subject  is  one  of  much  interest,  and  I  will  say  this: 

Last  year  we  modified  the  specifications  of  our  freight  cars  (Minne- 
apolis, St.  Paul  and  Sault  Ste.  Marie  Ry.),  bringing  them  up  from  40  000 
to  50  000  pounds  capacity,  and  we  have  had  about  one  thousand  cars  con- 
structed on  these  specifications.  I  now  consider  that  it  was  a  mistake. 
If  I  had  it  to  do  over  again  I  think  I  would  not  make  cars — certainly 
not  for  general  traffic — to  exceed  40  000  pounds  capacity. 

The  Master  Car  Builders'  Association  recently  appointed  a  committee 
to  determine  the  proper  sized  axle  for  a  60  000-pound  car.  It  seems  to 
me  that  that  committee  ought  to  be  discharged  before  they  have  time  to 
report.  So  far  as  my  observation  goes,  a  car  loaded  to  that  limit  has 
too  great  a  weight  per  wheel  load  for  the  surface  of  the  rails.  I  know 
of  a  railway  comj^any  in  Wisconsin  that  has  tried  some  60  000-pound  ore 
cars,  and  the  Superintendent  tells  me  they  are  for  sale  cheap. 

I  have  no  statistics  at  hand,  but  my  recollection  is  that  Mr.  Octave 
Chanute,  M.  Am.  Soc.  C.  E.,  once  made  some  exjjeriments  to  determine 
the  actual  area  of  contact  between  rails  and  wheels  of  various  sizes  under 
loads,  and  that  for  33-ineh  wheels  such  area  was  about  one-tenth  or  one- 
eleventh  of  a  square  inch.  For  an  eight-wheel  car  weighing  about  27  000 
and  carrying  50  000  pounds  this  would  give  a  pressure  per  square  inch 
of  about  100  000  pounds,  which  is  much  beyond  the  elastic  limit  of  the 
metal  in  our  steel  rails.  That  "flowing"  under  such  pressure  should 
occur,  would  seem  inevitable. 

Being  responsilile  for  the  freight  equipment  and  locomotives  adopted 
for  use  upon  our  line,  I  thought  I  had  given  i^roper  attention  to  wheel 
loads,  but  think  now  that  an  error  was  made  in  the  matter  of  freight 
cars. 

As  to  driving  wheels  of  engines,  I  think  we  kept  fairly  within  the 
limit,  with  13  750  pounds  on  a  64-inch  w^heel ;  but  a  switch  engine  with 
16  000  pounds  on  a  52-inch  wheel  leaves  its  record  about  the  yard  in 
some  good  sized  steel  splinters  rolled  from  the  rail  heads;  but  the 
pressure  here  per  square  inch  is  but  little  greater  than  for  33-inch 
wheels  under  a  fully  loaded  50  000-pound  car.  "We  know  that  the  ten- 
dency is  continually  towards  heavier  cars.  Must  we  not  give  more 
attention  to  the  relation  of  wheel  loads  to  the  bearing  surfaces  of  rails  ? 

On  the  one  hand  is  the  question  of  the  earlier  renewal  of  rails,  extra 
cost  of  heavier  cars,  and  cost  of  hauling  the  additional  weight  of  same 
when  empty  or  not  fully  loaded;  and  on  the  other  hand,  the  old  ques- 
tion of  percentage  of  dead  load  to  i^aying  load,  which  the  narrow  gauge 


124  DISCUSSION    ox   DESTKUCTION"   OF   RAILS, 

agitation  justly  brought  into  prominence,  and  which  is  now  the  ground- 
work of  every  argument  in  favor  of  cars  of  still  greater  capacity.  Where 
is  the  economical  limit  ?  Except  for  special  trafldc,  siich  as  coal,  ore, 
etc.,  it  is  not  iJrobable  that  one-fourth  the  large  cars  in  generall  service 
carry  loads  averaging  so  much  as  40  000  pounds  each.  Box  cars  of 
50,000  and  60  000  pounds  capacity  weigh  from  2  000  to  3  000  pounds 
more  than  40  000  pound  cars,  and  consequently  by  increased  dead 
weight,  unless  they  are  fully  loaded,  diminish  the  revenue  obtainable 
from  the  use  of  a  given  motive  j^ower.  The  only  compensating  advan- 
tage is  in  the  reduced  cost  for  repairs,  or  the  longer  life  of  the  heavier 
car. 

Thomas  RoDD,  M.  Am.  Soc.  0.  E. — As  of  interest  in  this  connection, 
in  an  examination  recently  made  with  reference  to  railway  bridges,  I 
made  some  inquiries  of  oiJerating  officials,  and  found  that  the  actual  car 
loads  are  often  very  much  higher  than  either  gentleman  has  spoken  of, 
both  as  to  single  cars  and  whole  trains.  I  know  also  of  some  cases  on 
roads  where  long  coal  trains  are  hauled,  particularly  the  Baltimore  and 
Ohio.  I  cannot  say  from  memory  just  what  the  weights  of  the  cars  are, 
but  an  id,ea  of  it  will  be  had  from  the  fact  that  the  gross  weight  comes 
to  very  nearly  4  000  pounds  per  lineal  foot.  The  facts  were  published 
in  the  Railway  Gazette  some  time  during  last  year. 

Upon  the  roads  with  Avhich  I  am  connected  there  are  a  certain  num- 
ber of  cars  (about  50)  of  80  000  marked  capacity.  They  are  for 
special  service,  but  have  been  moved  over  the  entire  line.  These  cars  will 
weigh  about  120  000  gross,  and  I  know  of  an  instance  where  more  than 
300  000  pounds  net  load  was  loaded  on  three  of  them;  they  are  about  30 
feet  long  and  have  twelve  wheels  under  each;  they  are  generally  used 
in  special  service,  but  are  often  moved  over  the  line  with  iron  ore. 

As  to  the  flow  of  material  in  rails,  that  has  been  observed  by  all 
engineers  familiar  with  the  operation  of  railways,  and  it  no  doubt  occurs 
in  the  way  Mr.  Dodge  has  stated.  I  think,  however,  that  this  flow  has  not 
been  confined  to  recent  years;  it  has  existed  since  I  have  had  knowledge 
of  these  matters.  In  the  earlier  days — my  earlier  days — sixteen  or 
seventeen  years  ago,  I  observed  this  flow  frequently,  especially  on  the 
outside  rails  on  curves. 

The  sections  mentioned  by  Mr.  Dodge  were  taken  at  my  instance  for 
the  use  of  a  Committee  of  this  Society,  whose  preliminary  report  has  in 
it  some  reference  to  this  flow  of  metal.  There  is  no  question  that  the 
flow  does  occur  to  some  extent,  and  has  always  been  present  under 
heavy  traffic. 

Engineers  to-day,  especially  those  dealing  with  the  construction  and 
maintenance  of  railways,  have  to  face  the  question  of  how  best  to  pro- 
vide for  heavy  engines  and  heavy  loads.  In  the  sixteen  or  seventeen 
years  I  spoke  of  this  question  of  loads  has  been  constantly  brought  up. 
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No  year  lias  passed  that  I  have  not  heard  discussions  as  to  why  oper- 
ating oflScials  constantly  increase  loads,  thereby  placing  upon  railway 
structures  a  more  severe  service  tban  that  for  which  they  had  been  most 
carefully  designed.  These  discussions  have  not  had  the  slightest  effect. 
The  loads  have  been  increased,  and  they  will,  in  all  prol  lability,  be  still 
further  increased.  They  have  come  up  from  the  10-ton  car  load  of  some 
sixteen  years  ago  to  the  30-ton  car  load  of  to-day.  Freight  cars  are 
being  improved  in  everyway;  patent  coujilers  and  air-brakes  are  coming 
into  use,  and  the  cost  of  cars  will  be  largely  increased.  It  follows  that 
they  must  be  made  to  do  more  work  and  carry  more  load;  we  know  very 
well  that  an  increase  in  freight  car  capacity  must  l)o  followed  by  an 
increase  in  the  hauling  power  and  consequent  weight  of  the  engines.  I 
take  it  that  we  have  to  provide  for  actual  loadings — not  for  the  present 
loads  only,  but  for  greater  loads  than  the  present;  and  I  feel  sure  that 
any  effort  to  reduce  the  loads  would  be  futile.  Engineers  could  not, 
even  should  they  wish  to  do  so,  stand  in  the  way  of  progress  in  railway 
transportation.  For  myself,  I  feel  sure  that,  as  regards  our  track  and 
bridge  superstructure,  we  should  take  a  bold  step  forward,  and  provide 
for  an  inevitable  future  increase  of  loads. 

In  the  past  our  structures  have  become  disabled  before  they  have 
given  a  reasonable  service,  partly  for  the  reason  that,  in  designing  them, 
we  have  used  the  then  present  loads,  on  the  insufficient  ground  that 
we  had  arrived  at  the  maximum  weights  of  cars  and  engines.  I  believe 
that  we  have  no  more  ground  to  assume  this  to-day  than  we  had  at  any 
time  in  the  last  twenty  years,  and  that  it  is  liptter  for  the  structure  to  be 
made  stronger  than  is  required  for  the  present  needs,  than  that  it  should 
be  overtaken  and  found  too  light  in  a  few  years;  in  other  words,  it  is  a 
practical  question  whether  we  have  not  been  remiss,  often,  no  doiibt,  for 
urgent  economical  reasons,  in  providing  weights  just  sufficient  for  the 
present  needs,  instead  of  realizing  what  must  come  in  the  near  future, 
and  providing  for  it. 

What  I  say  here  refers  more  particularly  to  our  railway  bridges, 
but  to  a  large  extent  it  is  true  of  our  rails  and  other  ti'ack  materials.  As 
to  the  bridges,  the  old  exijression  of  "factor  of  safety"  has  been  largely 
droi^ped,  but  practically  we  do  design  our  bridges  with  a  certain  fixed 
margin  for  safety.  What  I  would  like  to  see  done  would  be  that  bridges 
should  be  designed  more  with  reference  to  a  factor  of  endurance.  On 
heavy  traffic  lines  iron  britlges  have  had  to  be  renewed  genei'ally  because 
the  heavy  service  and  increasing  loads  have  found  them  to  be  too  light, 
either  in  special  parts  or  in  general.  When  we  consider  the  large  amount  of 
money  invested  in  railway  bridges,  it  certainly  seems  to  me  that  they 
ought  to  give  longer  life  and  better  service;  and,  if  only  for  that  reason, 
I  am  in  favor  of  taking  a  decided  step  forward,  and  giving  them  ample 
strength  to  resist  the  wear  and  tear,  besides  providing  a  margin  for 
future  increase  of  loads. 
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PEEcnAL  Roberts,  Jr. ,  M.  Am.  Soe.  C.  E. — I  am  not  myself  a  rail- 
I'oad  man,  but  one  who  uses  railroad  cars.  In  connection  with  this  dis- 
cussion, Ave  speak  of  the  capacity  of  cars,  but  I  think  the  railroads  do 
not  take  into  consideration  the  manner  in  which  these  cars  have  neces- 
sarily to  be  loaded.  They  are  capable  of  holding  their  rated  loads  when 
uniformly  distributed,  yet  those  cars  are  very  often  loaded  so  that  a 
miTch  greater  weight  comes  on  certain  wheels.  I  had  occasion  recently 
to  load  cars  of  40  000  pounds  capacity  with  heavy  girders  which  ex- 
tended over  several  cars,  and  which  necessarily  had  to  be  carried  at  two 
points  only  to  allow  the  cars  to  swing  from  under  when  passing  around 
curves.  The  cars  were  loaded  much  below  their  rated  caj^acity,  say 
20  000  pounds  per  car,  and  they  were  unable  to  sustain  the  load.  So 
great  a  settlement  took  place  that  the  girders  had  to  be  removed. 

F.  W.  Skinnek,  M.  Am.  Soc.  C.  E. — Is  it  not  the  general  practice  to 
distribute  the  load  by  suitable  blocking,  so  as  to  throw  it  ultimately 
onto  four  or  more  points  directly  over  the  trucks?  I  have  loaded,  and 
seen  many  plate-girders,  up  to  80  feet  long,  supported  on  slipping  plates 
at  two  points,  one  near  each  end,  to  enable  it  to  ride  around  curves,  and 
these  iJoints,  supported  by  cross-blocking,  distributing  the  loads  among 
two  to  eight  i^oints  on  the  car  floor. 

Mr.  Egberts. — No,  I  do  not  think  so.  You  cannot  get  enough  money 
from  the  railroad  companies  to  put  up  exj^ensive  false  works.  The 
strain  comes  largely  upon  one  point  in  each  car. 

A.  Gottlieb,  M.  Am.  Soc.  C.  E. — In  my  experience  I  have  known  of 
parties  taking  every  proper  care  to  load  long,  heavy  pieces  so  that  the 
load  shall  be  properly  distributed  over  jjarts  of  the  car  over  trucks. 
Mr.  Skinner  suggested  two  points  of  support  from  which  to  distribute 
the  weight  over  all  the  cars  by  blocking.  I  had  occasion  to  load  some 
long  pieces  recently  which  went  over  three  cars;  the  center  car  had  no 
load  at  all,  the  two  outside  cars  had  the  load  properly  distributed. 

The  railroad  companies  have  experienced  men  who  inspect  a  car  at 
evei'v  point,  and,  if  the  cars  are  not  jDropeiiy  loaded,  or  if  there  is  any 
danger  from  loading,  they  certainly  refuse  to  take  them  out. 

Mr.  Eoberts. — Does  Mr.  Gottlieb  mean  to  say  that  where  a  car 
is  loaded  the  entire  weight  is  borne  by  both  trucks,  uniformly  dis- 
tributed? 

Mr.  Gottlieb. — I  do  not  say  it  is,  but  it  can  be  made  so. 

Mr.  Roberts. — I  think  the  best  method  is  to  have  a  car  which  will 
carry  the  load.     I  would  be  glad  to  know  of  its  construction. 

Oberlin  Smith,  M.  Am.  Soc.  C.  E. — It  seems  to  me  difficult  for 
a  very  long  girder  to  be  blocked  securely  over  a  train  of  several  cars, 
with  the  ordinary  blocking,  on  account  of  the  vertical  irregularities 
of  the  train  and  the  swaying  of  the  cars  sidewise  at  different  points. 
But  I  think  false  works  may  be  built  without  much  expense,  by  making 
a  timber  framing  over  the  truck  of  each  car,  which  would  be  elastic  in 
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itself,  by  having  under  it  enough  ordinary  car-springs  to  bear  the 
required  weight.  By  this  means  the  girder  "would  be  distributed  all 
over  the  train,  and  the  jolting  of  the  cars  woiild  be  relieved  to  a  great 
extent.  Of  course  some  of  the  timbers  bolted  under  the  girder  must 
slide  freely  upon  timbers  attached  to  the  car,  to  allow  for  lateral  motion 
in  traversing  curves.  The  car  springs  could  be  merely  borrowed  for  the 
occasion  and  much  of  the  timber  could  be  afterwards  utilized. 

Mr.  Skinner. — The  expense  is  small,  especially  when  old  ties  are 
used,  as  is  frequent.  In  this  connection  the  methods  of  shipment  of  the 
arch  segments  of  the  Harlem  Bridge  may  be  interesting  from  its 
novelty.  The  maximum  size  of  the  pieces  was  about  18  x  11  feet  x  20 
inches  wide,  weighing  14  tons.  Gondola  cars  were  used,  in  the  floors  of 
which  longitudinal  slots  about  20  feet  long  and  30  inches  wide  were  cut. 
Through  this  slot  the  girder  section  was  suspended,  with  its  lower  flange 
a  few  inches  above  the  ties,  by  A-braces  at  each  end  bearing  on  under- 
side of  top  chord  flange,  and  bolted  to  10  or  12-inch  transverse  horizon- 
tal channels  fastened  to  the  end  of  the  section  and  the  sides  of  the  car. 
Inclined  end  braces  gave  longitudinal  steadiness.  About  twenty  cars 
were  thus  fitted,  and  sufficed  to  transport  all  the  pieces,  over  four  hun- 
dred. The  arrangement  worked  satisfactorily  and  no  complaint  was 
made  of  the  expense. 

Mendes  Cohen,  M.  Am.  Soc.  C.  E. — I  only  want  to  say  a  few  words 
on  this  subject.  The  question  is  a  general  one;  it  concerns  the  increase 
in  weight  of  rolling  stock  generally. 

There  is  no  doubt  that  cars  have  been  increased  in  weight  within  the 
last  fifteen  or  twenty  years.  The  increased  life  and  strength  of  our  road- 
beds, due  to  the  general  use  of  steel  rails  and  improved  joints,  have 
made  it  possible  for  lines  of  heavy  traffic  to  increase  the  weight  and 
power  of  their  locomotives. 

On  some  of  these  lines,  particularly  those  (  f  high  curvature,  and  on 
others  where  light  grades  prevail,  economy  is  foimd  in  concentrating 
the  loads  into  shorter  trains  than  the  increased  power  of  the  engines 
would  permit  to  be  hauled  with  the  old  car  equipment.  Hence  came 
the  increased  weight  and  capacity  of  the  cars.  So  loner  as  these  cars, 
which  aijpertain  mostly  to  main  or  trunk  lines,  are  only  hauled  upon 
the  lines  for  which  they  were  devised,  no  especial  inconvenience  is  com- 
plained of  from  the  increased  weight  per  wheel.  But  as  soon  as  they 
diverge  from  these  lines  onto  less  imj^ortant  roads,  whose  road-beds  are 
less  substantially  built,  the  trouble  begins,  and  the  rails  and  road-beds 
generally  are  found  to  sufifer  under  the  excessive  wheel  loads. 

There  is  no  remedy  for  this  except  in  the  gradual  improvement  of  the 
road-beds  of  the  outlying  lines. 

There  will  be  in  the  future,  as  there  always  has  been  in  the  past,  a 
constant  struggle  between  Track  and  Load,  which  will  only  terminate 
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when  we  arrive  at  a  standard  weight  and  section  of  rail,  which  may  Eot 
be  further  modified  without  unfavorably  affecting  its  economical  em- 
ployment. 

I  think,  therefore,  it  is  entirely  useless  to  look  for  a  present  remedy 
to  suffering  road-beds  in  a  reduction  in  the  weight  of  cars.  The  lines 
which  have  found  the  increased  capacity  of  their  equipment  both  neces- 
sary and  economical  will  make  no  change  in  this  direction,  and  it  only 
remains  for  those  who  feel  the  burthen  to  come  gradually  up  to  the 
standard. 

The  Special  Committee  of  the  Society  now  considering  the  relation 
to  each  other  of  the  Sections  of  Railway  Wheels  and  Kails  may,  and  it  is 
hoiked  will,  throw  light  on  this  question  in  its  report. 

D.  J.  "Whittemore,  Past  President  Am.  Soc.  C.  E. — In  this  increased 
weight  of  the  rail,  from  5G  to  6G  or  70  pounds  to  the  yard,  has  the  quality 
of  the  material  been  kept  up?  On  the  line  with  which  I  am  connected 
we  have  a  rail  of  65  or  70  i^ounds  to  the  yard,  that,  when  new,  will  stand 
less  traffic  than  one  of  56  or  57,  made  under  the  same  specifications  as 
the  former.  Does  not  this  imply  that  as  the  mass  is  increased,  more 
thorough  working  of  the  material,  in  the  j)rocess  of  manufacture,  is 
required? 

James  B.  Francis,  Past  President  Am.  Soc.  C.  E. — I  suppose  this 
question  of  flow  is  a  case  of  exceeding  the  elastic  strength  of  the  metal. 
By  this  I  mean  a  strain,  so  that  the  metal  does  not  return  after  the  load 
is  lifted.  The  remedy  would  be  to  reduce  the  strain  ;  there  is  no  other 
way  to  accomplish  it.  I  don't  see  that  it  depends  upon  the  strength  of 
the  rail,  but  uidou  the  strain  that  is  applied  to  the  upper  i^oint  in  the 
rail.  If  the  strain  there  is  beyond  the  elastic  limit  this  flow  will  take 
place. 

Max  J.  Becker,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  there  ought 
to  be  no  difficulty  in  i^rovidiug  a  rail  capable  of  resisting  the  force  which 
is  said  to  cause  a  flow  in  the  metal.  The  trouble  is,  that  the  increase  in 
the  carrying  capacity  of  the  rail  has  not  been  kept  up  in  the  same  ratio 
with  the  loads  imijosed.  In  the  earlier  fifties  the  general  weight  of  rail 
was  about  50  pounds  per  yard.  At  that  time  the  freight  cars  carried  10 
tons,  the  locomotives  weighed  20  or  25  tons.  To-day  we  are  carrying 
30  tons  in  onr  cars  and  our  engines  weigh  60  tons,  which  shows  an  in- 
crease of  300  iDer  cent,  in  the  loads.  At  the  same  time,  the  largest  rail 
sections  in  this  country  now  rarely  exceed  74  jjounds,  so  that  the  in- 
crease in  the  sectional  area  of  the  rail  would  be  about  50  per  cent., 
while  the  loads  have  been  fiilly  trebled.  This  is  disproportionate. 
When  you  remember  that  the  head  of  the  rail  has  been  but  very  little 
increased  in  bearing  surface,  you  will  readily  see  the  utter  disproportion 
between  the  pro'vision  made  for  carrying  and  the  amounts  to  be  carried. 
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Still,  I  am  not  prepared  to  accept  Mr.  Dodge's  theory,  that  any  con- 
siderable portion  of  rail  failure  is  due  to  the  yielding  or  flowing  of  the 
metal  under  the  large  concentrated  wheel  loads.  Is  it  not  more  likely 
that  the  efifect  observed  by  Mr.  Dodge  is  caused  by  the  sliding  of  wheels 
while  passing  over  the  rails  with  brakes  set? 

It  is  the  general  opinion  of  observing  railroad  men  that  the  increased 
speed  of  the  trains,  added  to  the  greater  weight— in  other  words,  the 
increased  momentum— causes  the  destruction  of  the  metal  in  the  rails. 
If  this  opinion  is  wrong,  have  we  not  been  at  fault  in  making  the  large 
customary  allowances  for  impact  in  computing  the  members  of  our 
bridge  structures? 

J.  T.  Dodge,  M.  Am.  See.  C.  E.— I  think  Mr.  Francis  has  presented 
the  real  point.  The  difficulty  is  not  that  the  rail  is  not  strong  enough 
now  to  carry  this  Toad  from  tie  to  tie,  but  that  the  surface  of  the  rail  is 
not  strong  enough  to  support  the  weight  which  disturl)s  the  fiber.  The 
elasticity  of  the  rail  is  overcome  and  the  metal  takes  a  set,  it  simply 
flows.  Widening  the  head  of  the  rail  will  not  be  a  sufficient  remedy; 
the  wider  it  is,  the  greater  difficulty  to  make  the  wheels  fit  that  head. 
The  drivers  will  crush  the  outer  edges  of  the  head,  because  they  will 
bear  heavier  on  the  outer  edges  than  the  car  wheels  will.  It  is  a  question 
of  the  elastic  limit  of  metal. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E.— I  don't  think  there  is  any  dis- 
crepancy in  theory  between  the  increased  flow  of  rails  under  slow  loads, 
and  the  increased  load  on  a  bridge  under  a  fast  train.  We  all  under- 
stand that  iron  and  steel  are  plastic  bodies  which  flow  the  same  as  any 
other  plastic  body.  We"  know  that  if  we  take  a  cake  of  wax  and  strike 
it  with  a  hammer  it  flies  to  pieces;  but  if  a  very  small  weight  be  left 
upon  that  wax  a  few  hours  it  will  settle  itself  into  it.  The  distortion  of 
a  plastic  body  results  mote  from  the  length  of  time  during  which  the 
force  is  applied,  than  from  the  amount  of  force.  If  the  force  applied  to 
this  iron  beyond  the  elastic  limit  is  increased,  the  amount  of  flow  will 
be  almost  directly  proportioned  to  the  time  during  which  the  force  is 
applied.  In  the  case  of  a  bridge  resisting  the  force  of  impact,  the  sud- 
denness of  the  load  is  in  proportion  to  the  speed  of  the  train.  If  the 
load  be  instantly  imposed,  the  effect  of  the  load  is  twice  the  static  load, 
so  that  both  these  results  are  according  to  theory  and  they  are  not  at  all 
in  conflict. 

The  w^heels  of  locomotives  and  of  cars  are  not  and  will  not  be  of  the 
same  shape,  since  locomotive  drivers  will  grind  themselves  badly.  The 
average  condition  of  the  car  wheel  will  be  somewhat  conical  and  a  worn 
driver  will  always  be  grooved.  It  is  difiicult  to  say  what  the  surface  of 
the  rail  should  be;  but  we  may  say  this,  that  the  shape  which  the  loco- 
motive  driver  finally  attains  as  the  effect  of  grinding  on   the   track 
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depends  on  the  original  shape  of  the  rail.  If  you  have  a  rail  that  was 
originally  sloped  inward,  and  the  driver  grinds  upon  such  a  rail,  it 
would  grind  to  siich  a  slope.  If  the  rail  is  flat  on  top  and  the  driver 
grinds  it,  it  will  grind  to  a  horizontal  shape.  I  have  wondered  whether 
the  rail  head  could  not  b3  rolled  to  a  slight  slope,  so  that  the  final  slope 
of  the  rail  would  be  that  of  its  original  slope.  We  know  that  w'hen  a 
neAv  rail  is  put  down,  the  bearing  will  be  really  on  a  quarter  of  an  inch 
of  the  width  of  the  rail,  so  that  the  rail  is  but  a  (quarter  of  an  inch  in 
width,  in  fact,  but  when  the  rail  has  worn  down,  it  always  has  a  slope 
inward;  this  iuAvard  slope  dei)ending,  in  form,  on  its  original  form,  and 
on  those  of  the  wheels  running  upon  it.  Why  should  not  the  rail  be 
rolled  to  that  shape  in  the  beginning,  so  that  it  would  bear  over  a  large 
surface,  just  as  Avhen  the  rail  becomes  w^orn?  The  final  shaj^e  we  find 
is  the  result  of  the  original;  if  we  would  give  to  the  rail  this  final  shape 
originally,  then  there  is  no  reason  why  the  shape  should  change.  I 
would  like  to  ask  the  practical  men  what  is  the  objection  to  rolling  rails 
slightly  sloping  to  the  inside? 

Mr.  Gottlieb. — It  could  be  done,  but  it  would  be  poor  economy  to 
do  it;  but  there  is  a  very  simple  way  to  obtain  the  same  result.  On  the 
Euroi^ean  roads,  or  at  least  on  the  German  roads,  they  give  the  rail  the 
proper  inclination  by  adzing  or  notching  the  cross  tie  at  the  rail  seat, 
which  gives  the  same  effect. 

Mr.  J.  T.  Dodge. — Embracing  the  opportunity  offered  by  a  view  of 
the  foregoing  discussion,  I  would  remark  that  my  subsequent  observa- 
tions confirm  the  facts  stated  in  my  original  paper,  viz.,  that  a  large 
amoiint  of  the  destruction  of  rails  is  due  to  a  flow  of  the  metal. 

Mr.  Francis  stated  the  deduction  from  the  facts  very  concisely  and 
corre3tly.  Mr.  Becker  expressed  a  doubt  of  the  facts  and  at  the  same 
time  suggested  the  sliding  of  the  wheels  as  an  explanation  of  them. 

This  being  a  question  of  fact,  it  is  better  to  appeal  to  observation 
than  to  argument.  If  observation  does  not  confirm  the  'statements 
made,  then  the  evil  does  not  exist  as  stated. 

While  the  whole  of  the  discussion  is  highly  interesting  and  instruc- 
tive, much  of  it  is  not  strictly  pertinent,  and  hence  is  out  of  the  range  of 
my  inquiry. 
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ENGLISH    AND    AMERICAN     RAILROADS    COM- 
PARED IN  OPERATING  EXPENSES. 


By  Edward  Bates  Dorset,  M.  Am.  Soc.  C.  E. 


For  the  information  of  a  very  prominent  official  and  large  share- 
holder in  English  railways,  the  author  made  some  of  the  following 
comparisons.  The  result  was  so  astonishing  that  he  decided  to  enlarge 
upon  it,  and  make  a  short  pajjer,  in  hope  of  getting  the  subject  freely 
discussed.  The  English  and  American  i^ractice  differ  so  widely  that 
both  cannot  be  right;  engineers  and  railroad  officials  should  discuss  it 
freely,  and  adopt  the  principle  that  is  the  best  and  most  economical, 
regardless  of  its  nationality. 

When  the  author  commenced  this  investigation  over  five  years  ago, 
it  was  with  the  intention  of  showing  the  American  engineers  that  it 
was  the  best  policy  to  build  good  roads  at  first,  as  the  English  do,  and 
save  in  the  cost  of  operating  expenses.  The  author  then  thought  that  it 
would  be  possible,  on  roads  with  large  traffic,  to  save  more  than  the 
additional  interest  charge,  but  as  the  investigation  progressed,  he  was 
greatly  astonished  to  find  that  the  Americans  were  operating  their  roads 
much  cheaper  than  the  English,  though  built  probably  at  less  than  one- 
fifth  of  the  average  cost  of  English  railways. 

This  so  surprised  him  that  he  thought  there  must  be  some  mistake 
in  his  data  and  investigations.     Acting  upon  this  belief,  he  postponed 
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the  reading  of  the  first  paper  for  six  months,  until  he  could  again  visit 
England  and  re-examine  the  subject  and  data. 

It  is  now  more  than  three  j-ears  since  his  first  paper  entitled  "English 
and  American  Kailroads  Compared,"  was  read  before  this  Society. 
Since  then  the  subject  has  been  much  discussed  by  the  press  and  rail- 
road officials.  About  the  only  thing  that  has  been  said  against  it  is, 
that  it  was  based  upon  assumed  data;  in  reality  all  the  important 
:figures  given  in  it  were  from  official  sources,  excejDt  the  tonnage  and 
passenger  mileage;  unfortunately  the  English  roads  do  not  give  these. 
In  reference  to  this,  the  author  will  quote  from  his  first  paper  or  book, 
page  16:*  "No  return  of  these  all-important  items  for  comparison  is 
made  in  England.  The  author,  after  careful  inquiry  and  investigation, 
decided  that  the  average  freight  charge  on  all  freight  moved  in  the 
United  Kingdom  was  about  li  pence,  or  2.5  cents  per  mile  per  ton;  but 
in  order  to  be  conservative  he  has  taken  the  average  charge  at  1  penny, 
or  2  cents  i^er  ton  i^er  mile." 

"In  order  to  get  the  ton  mileage,  the  receipts  from  freight, 
as  reported  by  the  companies,  in  pounds  sterling  has  been  multiplied 
by  240." 

In  the  supplementary  paper  a  year  later,  and  after  more  thorough 
investigation  had  been  made,  the  author  said  on  page  790  :t 

"  He  hojDed  that  the  English  railways  which  are  so  largely  interested 
in  this  question  will  promptly  replace  his  estimate  of  ton  and  j^assenger 
mileage  by  their    official  figures.     Until  this  is  done  he  claims   that 
,  these  figures  should  be  accej^ted  as  correct." 

Since  this  was  written  it  has  been  investigated  for  two  years  more, 
fully  confirming  the  preceding  opinion  and  data. 

All  the  data  and  figures  in  this  paper  are  taken,  for  the  English 
roads,  from  the  "Board  of  Trade  Eailway  Returns,"  or  "General 
Report,"  and  for  the  American  roads  from  "Poors'  Manual,"  or  the 
annual  reports  of  the  companies. 

In  traffic  exi^enses  the  Pennsylvania  Railroad  includes  "rates  and 
taxes,"  and  "compensation  for  personal  injury  "  and  "compensation 
for  damage  and  loss  of  goods,"  amoianting  to  $322370  for  1887,  which 
should  be  deducted  to  make  it  correspond  to  the  English  roads,  as  on 
them  they  are  not  included  in  traffic  expenses. 

*  Transactions,  Vol.  XV,  No.  318,  January,  1886. 
t  Transactions,  Vol.  XVI,  No.  343,  October,  1886. 
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In  the  accompanying  table  tlie  five  piiucipal  English  railways  have 
been  selected.  Among  the  American  railroads  the  Pennsylvania  Eailroad 
Division  has  been  selected  as  representing  the  best  constructed  American 
road,  and  the  Knoxville  Branch  of  the  Louisville  and  Nashville  system 
as  a  sample  of  the  cheaply  constructed  class,  both  running  through  a 
comparatively  rough  country.  Both  of  these  roads  have  most  of  their 
traffic  in  one  direction.  This  reason  is  very  frequently  given  bv  English 
officials  for  the  high  freight  rates  on  their  railways. 

At  first  the  author  included  in  the  Pennsylvania  system,  the  Phila- 
delphia and  Erie,  and  the  united  railroads  of  New  Jersey  divisions,  but 
on  reflection,  he  thought  best  to  exclude  them,  as  it  might  be  said  that 
the  level  or  easy  grades  on  these  roads  were  particularly  favorable  to 
cheap  transportation.  The  Pennsylvania  Eailroad  Division  was  retained, 
as  it  traverses  a  broken  country  with  many  heavy  grades,  and  one  sum- 
mit of  2 154  feet  above  tide. 

In  absence  of  official  data  as  to  the  average  charges  for  trans- 
porting one  ton  of  freight  one  mile  on  the  English  railways,  the 
aiithor  has  assumed  that  the  average  charge  is  one  penny,  or  two 
cents,  per  ton  per  mile  (one  pound  sterling  =  34.80),  being  the  same 
figures  as  given  in  his  book  and  papers  on  pages  16  and  789,  which 
figures  have  not  been  contradicted  in  any  way,  but  have  been  repeatedly 
confirmed. 

These  comparisons  speak  very  strongly  in  favor  of  the  American 
system.  The  high  terminal  charges  (including  receiving  and  delivering 
freights  by  carts),  are  generally  given  as  an  excuse  for  the  very  hioh 
freight  charges  in  England;  the  last  two  paragrajihs  show  that  there  must 
be  other  reasons  than  these.  In  absence  of  any  data  as  to  what  this  ex- 
pense amounts  to,  the  author  has  in  paragraph,  as  noted,  deducted  from 
the  operating  expenses  of  the  English  railways  everything  included  under 
the  name  of  "  Traffic  Expenses  "  (coaching  and  merchandise);  this  must 
certainly  include  all  terminal  charges  and  cartings.  On  the  American 
railroads  no  deductions  of  any  kind  from  the  total  operating  expenses 
have  been  made;  notwithstanding  this,  there  is  still  a  very  large  per- 
centage in  favor  of  the  American  roads,  on  the  Pennsylvania  it  being  56 
per  cent,  in  its  favor,  compared  with  the  London  and  North  "Western.  * 


*Being  Hi  per  cent,  in  favor  of  the  Pennsylvania  Bailroad  when  compared  to  the  Lon- 
don and  North  Western. 
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In  paragraph  11  all  traffic  expenses  (coaching  and  merchandise)  have 
been  deducted  from  the  operating  expenses  of  all  roads;  this  shows  a 
very  large  j)ercentage  in  favor  of  the  American  raih'oads. 

Paragraph  6  shows  the  error  in  the  statement  usually  made  that  the 
English  railways  are  operated  more  economically  than  the  American,  on 
account  of  the  operating  expenses  of  the  English  roads  being  about  52 
per  cent,  of  the  earnings,  while  the  American  roads  are  about  ten  per 
cent,  higher.  If  the  earnings  on  both  roads  were  derived  from  the 
same  charge  for  moving  freight,  the  operating  expenses  of  the  Penn- 
sylvania road  would  be  only  21  per  cent,  of  the  earnings  against  52  on 
the  London  and  North  Western,  or  148  per  cent,  in  favor  of  the  American 
road. 

It  is  frequently  stated  that  the  English  railways  are  operated  more 
cheaply  than  the  American,  because  the  train  mile  on  the  former  costs 
somewhat  less  than  it  does  on  the  latter,  which  is  entirely  wrong,  if 
proper  allowance  is  made  for  the  difference  in  the  average  number  of 
tons  in  the  train  load,  which  average,  as  per  paragraph  3,  is  79  tons  on 
the  London  and  North  Western,  against  207  on  the  Pennsylvania.  Para- 
graph 13  shows  that  if  proper  equation  is  made  for  the  heavier  load,  the 
cost  per  train  mile  will  stand  on  the  London  and  Northwestern  $.6588, 
against  $.3365  for  equal  load  on  the  Pennsylvania,  or  96  per  cent,  in 
favor  of  the  latter. 

There  must  be  some  cause  for  this  great  difference  in  the  oiJerating 
expenses  of  these  roads ;  in  the  author's  opinion  the  following  are  the 
principal  reasons : 

Fi7'st. — Too  light  loads  to  the  English  trains,  both  freight  and  pas- 
senger. 

Second. — The  universal  use  on  American  roads  of  rolling  stock  with 
bogie-trucks,  which  move  with  much  less  friction  and  wear  and  tear 
than  the  rigid  wheel  base  rolling  stock  used  by  the  English  railways. 

Third. — The  use  on  the  American  roads  of  freight  cars  carrjang  a 
much  greater  percentage  of  paying  load  to  dead  weight  than  the  wagons 
used  on  the  English  railways. 

Fourth. — The  great  speed  at  which  the  English  freight  trains  run. 

Fifth. — The  use  on  the  English  roads  of  light  locomotives,  with  in- 
side connections  that  cannot  be  as  cheaj^ly  or  as  easily  repaired  as  the 
American  locomotive,  with  its  outside  connections. 

Sixth. — The  custom  on  the  English  railways  of  giving  each  indi- 


Vol.  XX,  page  134. 


TABLE  No.  50. 
ENGLISH   AND   AMERICAN   RAILROADS   COMPARED   IN   OPERATING  EXPENSES. 


1 

ja'co 

Loudon  and  North 
Wealern. 

Great  Northern. 

Midland. 

Great  Western. 

Great  Eastern. 

United  Kingdom. 

1887. 

Percentage 

Percentage 

Percentage 

Percentage 

Percentage 

against 

against 

aguinst 

asaiust 

against 
Great  Eastern 
and  in  favor 

£1=  $4.80.               Id.  =  a  cents. 

n| 

L.  i  N.  W. 
and  in  favor 

Great  Northern 
and  in  favor 

Midland 
and  in  favor 

Greut  Western 
and  in  favor 

nnited  Kingdom 
and  in  favor 

All  figurei  representing  cost  are  in  cents,  except 
the  average  cost  per  mile  of  railway  operated. 

.2 

0  = 

d 

« 

d 

a 

wbioh  is  in  dollars. 

1 

as 

u 

■r.a 

§1 

S.a 

>s 

f-s 

a  g 

~i 

fs 

l-s 

^a 

1 

>-i 

§2 

m" 

§5 

fin 

a^ 

0  " 

dS 

m" 

aS 

K« 

gS 

u 

B. 

0. 

B. 

cu 

0! 

Average  cost  per  mile  of  railway  operated,  in  dollars 
1.    Percenlage  of  total  tonnage  mileage  transported 

$39  190 

(207  408 

2.    Percentage  of  total  tonnage  mileage  transported 

26 

01 

240 

162 

64 

223 

140 

62 

234 

149 

70 

196 

120 

4.    Average  charge  for  transporting  one  ton  one 

.67 
63 

91 
58 

2.00 

200 

120 

2.00 

200 

120 

2.00 

200 

120 

2.00 

200 

120 

2.00 

200 

120 

2.00 
62 

200 

120 

5.    Percentage  of  operating  expenses  to  earnings.. 
0.    Percentage  of  operating  expenses  to  earnings 

on  the  Pennsylvania  Railroad  Division,  pro- 

vided it  charged  the  same  rates  for  freight  as 

are  charged   on   the   English  railways,  viz.. 

21 

148 

21 

148 

21 

148 

21 

148 

21 

148 

21 

KB 

7.    Percentage  of  increased  earnings  that  the  Penn- 

sylvania Railroad  Division  would  receive  if  it 

worked  with  their  present  operating  expense 

and  received  the  same  freight  rates  (Id.  per 

ton  per  mile),  as  the  English  railways  now 

645 
36 

545 
34 

545 
34 

646 

646 
31 

645 
31 

8,    Percentage  of  traflBc  expenses   (coaching  and 

32 

9.    Average  cost  of  transporting  one  ton  one  mile. 

The  cost  !or  the  English  railways  is  found  by 

multiplying  the  estimated  charge  of  Id.  per 

ton  per  mile  by  the  percentage  of  operating 

expenses  to  the  proas  earnings,  as  per  para- 
graph 5  above  ;  cents 

.426 

.504 

•1,04 

144 

106 

1.12 

163 

122 

1.04 

144 

106 

.98 

130 

94 

1.10 

140 

110 

1.04 

144 

I0« 

10.    Average  cost  of  transporting  one  ton  one  mile, 

deducting  on  the  English  railways  all  "  Traffic 

Expenses  (coaching  and  merchandise),"  and 

deducting  nothing  from  the  total  operating 

.686 

60 

36 

.676 

72 

45 

expenses  of  the  American  railroads  ;  cents. . . 

.426 

.604 

U.    Average  cost  of  transporting  one  ton  one  mile. 

deducting  all  "Traffic  Expenses"  (coaching 

and  merchandise)  on  all  roads  ;  cents 

12.    Averajie  cost  of  train  mile— freight  and  pas- 

.277 

.343 

.666 

140 

94 

.739 
55  42 

167 

116 

.686 

148 

100 

.076 

144 

97 

.731 
56.04 

164 

113 

60.62 

senger  ;  cents 

13.    Equated  cost  of  train  mile  on  the  English  rail- 

ways, provided  they  transported  their  present 

train  loads  at  the  same  cost  per  ton  per  mile 

29.82 
100 

36.28 

72 

as  is  done  by  the  American  railrpads,  to  which 

CORt.... 

Per  cent. 

33.05 
90 

39.82 
65 

Cost.... 
Per  cent. 

25.56 
117 

30.24 
83 

Cost — 
Per  cent 

2n.99 
113 

30.74 
80 

Cost 

Per  cent. 

27.26 
113 

32.26 
80 

Cost 

Per  cent. 

26.91 
112 

79 

Per  cent. 

DOKSEY   ON   ENGLISH   AND   AMERICAN   RAILROADS.  135 

vidual  shipper  tlie  exclusive  use  of  a  freight  wagon,  even  for  very  small 
quantities  of  goods. 

The  Pennsylvania  Kailroad  Division  is  one  of  the  few  American 
railroads  that  approximate  in  thoroughness  of  construction  to  the  aver- 
age English  roads.  Even  on  this  line  there  are  many  cheap  station 
buildings,  platforms,  etc.,  that  require  constant  rejiairs  and  renewals. 
Consequently,  their  maintenance  is  more  expensive  than  the  permanent 
masonry  structures  on  the  English  roads.  This  apphes  still  more 
forcibly  to  the  inferiorly  constructed  American  roads. 

Of  the  150  000  miles  of  railroads  in  the  United  States,  it  is  safe  to 
say  that  there  is  not  5  per  cent,  of  them  ballasted  up  to  the  English 
average  standard,  and  perhaps  more  than  one-half  of  the  remainder 
without  any  pretense  whatever  to  ballast. 

The  large  English  railways  are  very  similar  to  each  other  in  the 
general  details  of  their  operations;  this  is  shown  by  the  preceding  table. 

From  all  the  data  that  are  available,  it  appears  that  the  cost  of  trans- 
porting one  mile,  one  ton  or  one  passenger,  is  about  the  same  on  the 
principal  English  railways.  The  question  has  been  frequently  asked, 
"How  can  the  English  railways  pay  the  interest  on  their  great  cost,  un- 
less they  continue  to  charge  their  present  high  freight  rates?  "  This  is 
entirely  foreign  to  the  object  of  this  paper,  which  proj^oses  only  to  dis- 
cuss the  cost  of  operating  expenses  in  the  two  countries.  The  author 
is,  however,  thoroughly  convinced,  that  on  the  English  railways  large 
reductions  could  be  made  in  the  present  freight  rates  and  cost  of 
operating  expenses,  without  diminishing  the  present  di'S'idends  in  the 
least. 

On  the  English  railways  there  is  a  great  variety  of  rolling  stock, 
differing  very  widely;  this  is  especially  true  regarding  the  locomotive. 
It  is  not  possible  that  these  diflferent  varieties,  differing  so  very  much, 
can  all  be  equally  good.  It  is  strange  that  the  best  type  has  not  been 
selected,  and  generally  adopted,  especially  on  the  same  road.  During  a 
recent  visit  to  Stoke-on-Trent,  the  author  was  told  by  the  Duke  of 
Sutherland,  in  reply  to  the  question  why  he  did  not  work  his  coal  and 
iron  mines  more  extensively,  as  the  situation  was  very  favorable  for 
producing  cheap  coal  and  iron,  that  the  railroad  freights  were 
nearly  prohibitory,  being  to  Liverpool— 55  miles — 7  shillings  =  SI.  75 
per  ton,  or  3.2  cents  per  ton  per  mile;  compare  this  with  the  charge  on 
the  Louisville  and  Nashville  Railroad  of  $1A0  per  ton  from  Birmingham 
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to  Mobile,  280  miles,  or  half  a  cent  per  ton  per  mile,  or  one-sixth  of  the 
English  charge,  and  this  over  a  much  inferiorly  constructed  road. 

A  prominent  railway  official  gave  the  usual  reason  for  this  high 
freight  rate,  that  it  was  owing  to  the  high  terminal  charges  at  Liverpool. 
There  were  none  at  Stoke,  the  iron  being  loaded  into  the  cars  by  the 
furnace  company.  No  data  are  given  by  which  these  terminal  charges 
can  be  ascertained,  but  to  be  certain  that  we  get  all  of  them,  let  us  de- 
duct from  the  operating  expenses  all  the  "Traffic  Expenses  "  (including 
coaching  and  merchandise),  36  per  cent.,  as  in  paragraphs  8  and  10  of  the 
preceding  table,  this  will  leave  SI.  12  as  the  freight  charge,  or  over  two 
cents  per  ton  per  mile,  after  deducting  all  traffic  expenses.  Compare 
this  with  the  rate  on  the  Louisville  and  Nashville  Kailroad  of  half  a  cent 
per  ton  per  mile,  and  without  any  deduction  whatever  from  the  total 
operating  expenses. 

The  preceding  percentages  of  the  American  railroads  would  be 
very  largely  increased,  if  proper  allowance  be  made  for  the  higher 
wages  paid,  their  difference  in  first  cost— fully  one  to  five,  and  conse- 
quently inferior  construction,  and  their  perishable  wooden  buildings 
and  bridges. 

It  is  now  five  years  since  the  author  commenced  this  investigation. 
All  the  data  collected  in  this  time  prove  that  on  the  American  rail- 
roads the  total  cost  of  t;:ansporting  one  ton  per  mile  is  less  than  half  of 
what  it  is  on  the  English  roads. 

The  author  will  conclude  this  paper  with  the  concluding  sentence  of 
his  first  paper:  "For  what  is  done  in  the  United  States  ought  to  be 
done  in  the  United  Kingdom." 
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STEESSES    IX    BRIDGES 


By  William  H.  Booth,  M.  Am.  Soc.  C.  E. 


It  is  not  jjossible  to  read  thi  various  j^apers  and  discussions  wliicli 
appear  in  America  upon  specifications  for  and  stresses  in  bridges  with- 
out perceiving  that  bridges  form  a  subject  which  receives  a  large  amount 
of  the  attention  of  American  Engineers.  To  the  present  writer  it  appears 
that  the  tendency  of  modern  American  and  the  best  Eaglish  practice  is 
towards  a  reduction  in  the  amount  of  the  so-called  factor  of  safety  which 
it  has  now  become  fashionable  to  call  the  factor  of  ignorance,  though  it 
should  more  truthfully  or  euphoniously  be  termed  the  factor  of  uncer- 
tainty. This  reeluction  is  clearly  to  be  made  concurrently  with  a  more 
accurate  determination  of  actual  as  distinguished  from  apparent  loading, 
and  it  is  clear  that  should  a  final  determination  of  the  full  effect  of  any 
and  every  load  upon  a  structure  be  accurately  made,  the  factor  of  uncer- 
tainty would  be  at  once  rejDlaced  by  a  marginal  factor,  which  would 
sei-ve  to  determine  the  true  working  strength  of  a  structure  under  known 
load,  and  such  working  load  would  diflfer' little  from  the  loading  that 
would  cause  final  rupture.  lu  fact,  the  pres3nt  wrongly  termed  factor 
of  safety  might  then  be  consistently  so  termed. 

The  difficulties  standing  in  the  way  of  such  an  improvement  in  prac- 
tice are  chiefly  connected  with  our  ignorance  of  the  actual  stresses  caused 
by  a  moving  load,  for  whilst  static  loads  can  be  accurately  measured, 
there  is  difficultv  in  trulv  measuring  the  effects  of  a  dynamic  load. 
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The  old  principles,  whicli  allowed  a  uuiform  stress  upon  every  part  of 
a  bridge,  without  reference  to  its  place  in  the  stxnicture,  have  been  dis- 
carded, and  modern  methods  fully  recognize  that  different  details  re- 
quire different  working  stresses,  and  parts  subject  to  suddenly  ajjplied 
loads  are  to  be  calculated  as  for  static  loads  of  much  greater  magnitude. 
In  actual  practice,  a  study  of  American  literature  in  the  many  papers 
and  pamphlets  so  kindly  sent  the  writer  by  many  American  engineers, 
to  whom  he  would  here  take  the  opportunity  of  recording  his  thanks  for 
their  gr^at  courtesy,  shows  that  in  bridge  work  the  points  presenting 
most  uncertainty  are  the  percentage  of  increased  stress  due  to  quickly 
api^lied  loads,  such  as  that  of  a  rapidly  moving  train,  and  the  excess  of 
weight  due  to  the  horizontal  balance  of  locomotives  disturbing  their  ver- 
tical equilibrium.  These  two  causes  belong  solely  to  the  loading,  and 
may  be  classed  as  primary. 

The  secondary  causes  of  increased  load  action  are  those  connected 
wholly  with  the  structiare.  First  of  these  may  be  named  general  deflec- 
tion of  the  whole  structure,  which  induce ,  increased  stress  by  centrifugal 
action.  Xext  in  order  comes  the  deflection  of  parts  of  the  floor  system, 
such  as  the  stringers,  which  may  induce  vibratory  action  by  the  repeated 
raising  of  the  rolling  loads  as  they  cross  the  panel  points— t.  e.,  at 
the  floor  beams. 

The  third  and  perhaj^s  most  severe  causes  of  increased  stress  are 
those  which  dejjend  upon  certain  mutual  relations  between  the  load  and 
the  structure,  and  foremost  of  these  is  the  relation  between  the  drive 
wheel  circumference  and  the  panel  length  of  the  bridge.  Next  is  the 
relation  between  wheel  spacing  of  the  train  and  the  panel  length;  and 
finally,  there  is  the  still  more  complex  relation  between  panel  length, 
drive  wheel  circumference  or  train  wheel  spacing,  velocity  of  motion  of 
the  train,  and  period  of  vibration  of  the  bridge. 

TVhen  a  tie  bar  is  stated  as  being  loaded  to  a  working  stress  of 
10  000  pounds,  engineers  understand  that  the  static  load  is  intended. 
They  are  aware,  perhaps,  that  the  material  should  bear  any  number 
of  ap2)lications  of  a  20  000-pound  stress,  but  dare  not  approach  such 
a  limit  simjjly  because  they  know  that  unknown  stresses  are  brought 
about  by  the  above  enumerated  causes,  which  would  work  destruction 
speedily  to  a  structure  nominally  calculated  for  20  000  pounds;  for  it 
is  now  generally  conceded  that  the  nominal  10  000  pounds  is  more 
nearly  15  000  to  20  000.     It  would  therefore  appear  desirable  that  actual 
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live  load  stresses  shoiild  be  determined;  for  there  can  be  no  doubt  that  if 
fully  recognized  that  live  loads  do  dailv  cause  stresses  of  15  000  to 
20  000  pounds,  it  would  soon  be  the  custom  to  allow  for  dead  loads  this 
amount  in  calculation  and  the  same  also  for  the  real  live  load.  The 
effect  would  be  most  striking  in  long  spans,  where  dead  load  forms  so 
great  a  proportion  of  total  load,  and  marked  economy  would  arise,  whilst 
long  sjjans  would  still  be  no  less  strong  than  short  spans.  Indeed  it 
would  appear  that  either  existing  long  spans  are  wastefully  strong  or 
short  spans  doubtfully  safe. 

"Without  attempting  any  scientific  determination  of  live  load  stresses 
the  writer  would  point  out  what  appears  to  him  a  correct  or  at  least  a 
rational  method  of  i^rocedure,  to  be  followed  in  determining  the  total 
action  of  moving  loads.  This,  it  appears  to  him,  ought  to  be  expressed 
as  equivalent  static  load  when  possible.  Commencing  with  the  primary 
causes  of  the  necessity  of  an  ignorance  factor,  it  will  be  recognized  that 
in  calculating  bridge  stresses  by  the  modern  system  of  wheel  concen- 
trations as  given  by  Burr  in  '•'  Stresses  in  Bridge  and  Eoof  Trasses,"  the 
es.sence  of  the  principle  demands  that  such  wheel  concentrations  be 
known  accurately.  To  this  end  full  account  must  be  taken  of  the  ver- 
tical action  of  the  counterweights  in  the  drive  wheel,  and  when  a  bridge 
is  to  be  constructed  there  must  be  assumed  a  maximum  sj^eed  at  which 
the  engine  representing  the  maximum  loading  shall  cross  the  bridge. 
Knowing  this,  the  amount  of  the  counterweight  vertically  unbalanced 
must  be  found  and  its  centrifugal  action  calculated  from  the  formula 
F  =  .00034  WrN^ ;  TF  being  in  pounds,  r  in  feet,  and  -Z^  being  revolu- 
tions per  minute  at  given  maximum  velocity.  It  will  not  usually  be 
necessary  to  assume  N  to  be  increased  by  slipping  of  drive  wheel,  as  a 
bridge  is  rarely  on  a  steep  gradient.  The  amount  of  F,  when  wheels 
are  small,  will  be  found  quite  serious,  and  must  be  added  to  the  apparent 
weight  on  the  driving  axle  — «.  e.,  to  each  wheel  on  such  axle — and  pru- 
dential reasons  would  also  demand  that  the  vertical  component  of  the 
maximum  piston  load  due  to  the  angularity  of  the  connecting  rod 
should  also  be  added  to  the  load  on  the  drive  wheel,  though  it  may 
lessen  the  load  upon  the  leaders  or  truck  wheels. 

Thus  altered,  the  engine  concentrations  may  be  assumed  with  correct- 
ness to  be  the  actual  loads,  and  it  now  concerns  us  to  know  to  what  extent 
such  actual  wheel  loads  must  be  further  augmented  to  allow  for  rapidity 
of  application.     Here  again  a  maximum  train  speed  must  be  assumed. 
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It  is  with  considerable  diffidence  that  the  writer  woukl  suggest  a  new 
method  of  determining  percentage  co-efficients  for  dififerent  lengths  of 
spa-n;  but  the  method  he  proposes  has  a  rational  basis. 

If  a  single  heavy  load  roll  upon  a  bridge  at  a  certain  velocity,  the 
bridge  will  commence  to  deflect  until  the  load  attains  mid-span,  when 
further  deflection  ceases. 

Consequently,  the  whole  deflection  must  take  place  in  the  time  occu- 
pied by  the  load  in  traversing  half  the  span.  Assuming  that  a  train 
headed  by  a  heavy  locomotive  is  in  the  position  of  a  single  load — an  er- 
ror in  assumption  on  the  safe  side — we  may  say  that  in  a  bridge  of  180 
feet  span  a  train  at  GO  miles  per  hour  speed  will  put  the  bridge  into  its 
I)Osition  of  maximum  deflection  in  one  second  of  time,  for  the  engine  will 
then  stand  at  mid-span.  Now,  in  one  second  any  free  load  would  fall 
under  the  action  of  gravity  through  a  space  of  16  feet,  for  t-  x  16=siJace 
traversed. 

Assuming  a  deflection  of  7^  of  the  span,  we  find  this  to  be  2^  foot. 
Falling  under  gravity;  ^ro  of  a  foot  is  passed  through  in  -J-  of  a  second; 

9  9  3 

for     lQt-^  —  .-.t-  = .•.^  =  — 

20  320  18 

The  load,  however,  occupies  one  second  in  getting  to  mid-span.  It 
therefore  occupies  six  times  the  period  necessary  to  deflect  the  bridge  to 
its  full  extent.  Now,  an  absolutely  instantaneous  application  of  load  is 
equivalent  to  the  steady  application  of  a  load  of  twice  the  weight,  and 
demands  an  increase  of  100  i^er  c^nt.  upon  its  static  weight.  In  the 
present  case,  then,  time  being  extended  sixfold,  we  find  -^'-  =  164  per 
cent,  as  the  proper  increase  in  case  of  spans  of  180  feet  under  loads  ad- 
vancing 90  feet  per  second.  Calculated  on  this  basis,  the  annexed  table 
will  give  the  jjercentage  increase  for  the  various  spans  enumerated,  speed 
being  taken  at  90  feet  per  second  and  deflection  (assumed  exaggerated) 

at  To77  of  span. 

TABLE  No.  1. 

Span    in   Feet. 


Span 

Per  cent. 


Span 

Per  cent. 


Span 

Percent 11  j 


1 

41 

2 
63 

3 

77 

4 
90 

5 
100 

10 
71 

20 
60 

30 
41 

50 
32 

GO 
29 

80 
25 

100 
22i 

120 
20 

160 
17 

180 
16i 

200 

16  1 

400 

POO 
10 

600 
9 

800 
8 

1200 
61 

I 

31)0 
13 
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This  rule  gives  100  per  cent,  increase  for  spans  of  5  feet.  Below  5 
feet  the  increase  given  by  the  rule  will  be  more  than  100  per  cent.  This  is 
clearly  wrong,  for  nothing  over  100  per  cent,  is  possibly  correct.  Hence, 
whilst  for  spans  of  5  feet  and  upwards,  the  formula  for  percentage  is 
p  _  ^^^  ^  -^ ;  below  5  feet,  or  for  any  other  deflection  and  speed  be- 
low such  span  as  requires  an  addition  of  100  per  cent.,  the  formula  be- 
comes p  =  J^  ,  T  being  the  time  necessary  for  a  body  to  fall 
through  a  distance  to  the  deflection,  and  t  being  the  time  occu- 
pied   by    the    load    in   traversing    a   distance    equal    to     half    span. 

T 
The  inversion  of    the  fraction-    is    clearly    rational,     for    in    small 

spans    the    time    occupied    in    attaining    mid-span   is   less  than  that 
necessary  by  the  law  of  gravity  for  the  load  to  fall  a  distance  equal 
to  the  deflection,    and   the   percentage   addition  cannot  be  100  per 
cent.     Seeing,   however,    that   all   loads  will  not  cross  short  spans  at 
maximum  speed,  no  span  less  than  5  feet  ought  to  have  a  less  than 
100  per  cent,   addition.      If  this  reasoning  be  correct,   it  would  ap- 
pear that  for  high  speeds  the  stress  in  rails  supported  at  more  frequent 
intervals  than  5  feet  will  be  much  less  than  under  slower  moving  loads. 
Clearly  for  the  speed  and  deflection  employed  in  this  paper  5  feet  is  the 
most  severely  tried  span,  as  its  half  length  time  of  load  passage  just  coin- 
cides with  the  period  of  fall  due  to  gravity.     For  higher  speeds  the  limit 
of  most  severely  tried  span  is  lengthened,  and  it  is  quite  possible  to  con- 
ceive that  a  bridge  of  100  feet  span  could  be  so  constructed,  as  regards 
the  gradient  of  its  rail  surface,  that  a  load  moving  at  an  immense  velocity 
would  cross  from  the  higher  to  the  lower  abutment  without  exerting 
pressure  on  the  bridge.     Of  course  such  necessary  velocity  is  far  beyond 
the  range  of  even  an  improbable  practice,  for  if  one  abutment  was  1  foot 
lower  than  another  and  the  span  100  feet,  the  velocity  would  require  to 
be  400  feet  per  second,  or  270  miles  per  hour.     Thus  at  300  miles  per 
hour  bridges  less  than  100  feet  span  might  be  omitted,  so  long  as  the  far 
side  abutment  was  a  foot  below  the  near  side.* 

To  resume,  however,  such  would  complete  the  additions  to  be  made 
to  the  load,  and  this  second  addition  would  prudentially  be  applied  to 
the  already  augmented  engine  concentrations^ 

*  At  this  high  speed  it  is  curious  to  reflect  that  any  grade  steeper  than  52  feet  to  the  mile 
could  not  safely  join  a  horizontal  piece  of  line  without  an  intermediate  flatter  gradient.  This 
statement,  of  course,  neglects  consideration  of  springs. 
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The  method  would  also  apj^ly  to  the  more  detailed  stresses  in  floor 
systems. 

Stringers  should  be  figured  as  though  short-span  bridges  and  the 
jjroper  increment  due  to  their  deflection  should  be  added.  The  sudden- 
ness of  apjilieation  of  loading  of  floor  beams  is  determined  iu  each  case 
by  the  stringer  length  and  the  jiereentage  to  be  added  is  that  proper  to 
a  span  of  a  length  equal  to  two  jianels  of  the  bridge. 

It  will  be  correct  also  in  figuring  for  stringers  to  increase  the  wheel 
loads,  already  determined  by  the  above  two  additions,  by  the  further 
addition  due  to  lateral  swaying  of  the  whole  machine,  or  by  the  amount 
of  transferred  load  due  to  wind  pressure.  The  maximum  possible  on 
either  of  these  is  100  per  cent.,  for  beyond  this  an  engine  will  overturn. 
What  is  the  actual  percentage  due  to  a  30-pound  wind  pressure  dej)ends 
upon  the  type  of  engine,  but  the  writer  does  not  know  what  this  may 
be;  probably  surging  and  wind  combined  may  add  iu  practice  25  per 
cent.,  which  would  be  figured  upon  the  already  increased  wheel  loads. 
The  final  drive  wheel  concentration  upon  a  20-foot  stringer  will,  with 
this  last  addition,  be  double  its  static  amount.  The  maximum  floor 
beam  stress  will  be  similarly  found,  but  will  be  little  or  nothing  affected 
by  this  last  addition,  which  is  a  subtraction  from  the  windward  stringer 
of  a  pair.  Truss  stresses  generally  are  to  be  calculated  with  this  trans- 
ferred load  increment,  which  for  the  train  loads  may  be  100  per  cent. , 
and  in  place  of  wind  stresses  being  as  now  looked  ujjon  as  extraordi- 
nary loading,  future  requirements  with  increased  nominal  working 
stresses  will  demand  their  equality  with  other  stresses,  the  maximum 
being  taken  as  the  basis  of  design.  The  increments  due  to  velocity  of 
api^roach,  whilst  depending  on  panel  length  in  some  cases,  such  as  beam 
hangers,  etc.,  do  not  do  so  in  all  cases.  For  example,  the  rivet  con- 
nection between  a  stringer  end  and  a  floor  beam  web  plate  is  exjDosed 
to  an  instantaneous  load  at  one  end  at  whatever  speed  and  must  be 
allowed  for  accordingly.  Of  the  main  trusses  the  portions  exposed  to 
sudden  loading  are  the  counter-braces,  and  the  additive  percentage  for 
these  clearly  depends  upon  their  distance  from  the  truss  end. 

Thus  in  a  through  bridge  the  distance  from  the  apjjroach  end  of  the 
truss  to  the  foot  of  any  counter-brace  will  be  the  determining  length  and  - 
the  percentage  to  be  added  will  be  that  due  to  a  span  of  double  this 
length.     (See  foot  note  to  Table  No.  3,  relative  to  Pratt  trusses.) 

If  this   principle   be    correct   it   will   be   clear   that  the  addition 
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necessary  for  quickly  applied  load  is  greater  than  is  often  thought 
necessary  and  decreases  -with  the  decrease  in  the  deflection  allowed. 
Deep  tnisses  are  thus  per  se  stronger  than  those  of  small  depth,  owing 
to  their  less  deflection. 

Of  the  secondary  causes  of  load  increment — those  of  structural 
origin — that  due  to  the  centrifugal  action  following  on  deflection  below 
the  horizontal  is  usually  provided  for  by  initial  camber.  That  due  to  de- 
flection of  floor  stringers  should  clearly  be  eliminated  as  far  as  possible 
by  the  use  of  deep  and  stiff  stringers,  and  any  deflection  of  the  stringer 
then  existing  may  be  counteracted  as  regards  panel  i^oint  shocks  by  an 
upward  camber  of  the  track  in  each  panel  length,  though  this  latter 
appears  to  be  a  refinement  impossible  to  carry  out  in  daily  work.  Its 
effect  would  be  to  diminish  the  jar  and  the  tremor  induced  by  the  rise 
and  fall  of  each  wheel  as  it  passed  from  the  deflected  mid-span  of  the 
stringer  to  the  higher  level  over  the  floor  beam. 

The  engines  upon  which  American  bridge  loads  are  calculated  appear 
to  have  drive  wheel  circumferences  of  about  13  feet,  and  therefore  such 
engines  will  cause  tertiary  stress  increments  from  the  coincidence  of 
revolution  of  -wheel  with  floor  beams  when  panels  are  13  feet  long,  such 
increments  being  greatest  when  the  lowest  positions  of  counterweight 
coincides  with  the  floor  beam,  and  least  when  it  drops  upon  the  stringer 
center,  as  the  centrifugal  action  then  lifts  the  wheel  over  the  panel  point. 
This  applies  only  to  general  truss  stresses;  the  reverse  is  the  case  with  the 
stresses  in  the  stringers,  except  for  their  end  shear  and  connections;  13 
feet,  16  feet  and  21  feet  would  appear  to  be  a  usual  drive  wheel  circum- 
ference in  American  engines,  and  such  lengths  should  be  avoided  as  panel 
lengths,  which,  with  such  wheels,  should  not  be  of  the  following  lengths: 
61,  8,  lOi,  13,  16,  21,  26  or  32  feet. 

With  those  three  common  sizes  for  wheels  a  panel  length  is  hard  to 
find  which  shall  suit  each  wheel,  and  by  preference  one  should  be  selected 
to  suit  that  engine  in  which  F  is  greatest.  Usually  this  will  be  the 
case  in  the  16-feet  w^heels  which  run  at  high  speeds.  The  13-feet  wheels 
of  consolidation  engines  do  not  revolve  quickly,  hence  F  is  small. 
Panel  lengths  of  9,  14  and  23  feet  will  be  suitable,  preferably  the  longer. 
Indeed  it  maybe  laid  down  as  a  rule  that  the  panel  length  should  exceed 
by  two  or  three  feet  the  circumference  of  the  largest  wheel,  or  failing 
this  be  intermediate  between  this  length  and  the  circumference  of  the 
next  smaller  wheel  when  such  can  be  arranged.    The  panel  lengths  should 
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also  not  coincide  with  the  wheel  spacing  of  the  train,  for  the  united  co- 
incidences of  car  wheels  and  jianel  points  will  be  more  harmful  than  the 
coincidences  of  the  counterweight  action.  When  such  coincidences 
must  be  allowed  to  occur  a  heavy  percentage  will  need  adding  to  train 
load,  and  further  experiments  ought  to  be  carried  out  on  the  lines  of 
those  of  Professor  Robinson  to  determine  what  such  percentage  will  be. 

The  cumulative  vibration  due  to  fortuitous  agreement  of  the  above 
coincidence  with  the  jDeriodic  oscillation  of  the  bridge  itself  will  be 
sufficient  to  warrant  every  care  being  taken  to  prevent  the  first  coinci- 
dence, so  that  the  door  may  not  be  left  open  for  the  even  jjossible  triple 
or  rather  quadruple  coincidence. 

"With  careful  design,  bearing  in  mind  the  above,  it  would  appear 
from  the  experiments  already  tried  that  about  25  per  cent,  at  least 
should  be  added  to  truss  stresses  on  account  of  cumulative  or  partially 
cumulative  vibratory  action. 

Further  experiment  should  be  in  the  direction  of  determining  the 
oscillation  period  of  standard  types  of  bridge  of  varying  span,  in  order 
that  the  train  speed  may  be  known  and  avoided  which  will  give  maxi- 
mum cumulative  effect.  The  subject  is  one  of  difficulty,  depending  as  it 
does  on  so  many  factors.  The  introduction  of  a  single  vehicle  in  a  train 
having  a  wheel  base  different  from  other  vehicles  might  be  the  means  of 
saving  or  destroying  a-  bridge;  for,  however  improl)able  may  be  the 
chance  of  unity  of  action  of  all  causes  of  load  increment  and  vibration, 
such  might  occur  to  any  bridge  at  some  time  and  w'hen  occurring  might 
wreck  it. 

To  sum  up,  it  would  seem  that  primary  causes  of  load  increment 
affect  chiefly  the  floor  system,  as  also  do  the  secondary  effects  due  to 
structural  peculiarity,  though  these  also  affect  trusses.  The  greatest 
truss  effects,  except  as  regards  counters  which  are  primarily  affected,  are 
due  to  the  tertiary  or  combined  effects  of  load  and  structure. 

The  method  of  computing  impact  percentages  on  the  time  basis 
appears  to  be  correct.  It  is  on  the  safe  side  as  compared  with  the 
inverse  method.  For  example  again,  taking  the  case  of  the  180  feet 
span  we  have  a  deflection  =  0%-.  The  time  of  traversing  the  half  span 
is  one  second.     In  one  secomd  16  feet  would  be  fallen  through.     Then 

T7i^^  =  2.8  as  the  added  percentage  for  the  speed  and  span.    Calcu- 

16 

lated  on  this  basis  the  percentages  for  a  few  spans  will  be  as  follows: 
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Span,  feet 
Per  cent.. 

Span,  feet 
Per  cent. . 


5 

10 

20 

30 

10 

100 

50^ 

25 

17 

12i 

100 

150 

180 

210 

300 

6 

3i 

3 

^ 

lii 

50 
10 


400 
11 


This  method  agrees  with  the  first  method  at  the  5  feet  span  above, 
and  gives  much  less  percentage  additions  for  long  spans,  especially  for 
deflections  to  less  than  the  rrr  liere  supposed. 

It  does  not  differ  much  from  the  table  given  in  "  Waddell's  Japanese 
Memoir  "  for  spans  up  to  60  feet  only,  but  the  first  method  would  appear 
to  be  preferable,  showing  as  it  does  large  percentage  additions  to  spans 
under  25  feet,  and  reasonable  additions  for  long  spans.  Waddell's 
memoir,  too,  deals  with  practical  deflections  and  agrees  with  a  modified 
Table  No.  1. 

It  will  be  noted  that  structural  weight  does  not  enter  into  the  calcu- 
lations, and  further  investigation  would  seem  necessary  to  determine 
whether  the  relative  proportions  of  dead  and  rolling  load  have  an  effect 
in  reducing  the  necessary  impact  addition.  The  writer  does  not  think 
any  allowance  can  be  fairly  made  for  weight  of  structure.  Should  an 
allowance  be  made  it  would,  of  course,  act  chiefly  in  diminishing  the 

impact  addition  for  the  longer  spans,  in  which  the  ratio  , . —  is  a  larger 
number  than  in  the  case  of  the  short  spans. 

The  maximum  deflection  due  to  live  load  being  the  measure  of  the 
work  done,  however,  it  would  seem  that  no  allowance  should  be  made, 
and  it  would  be  of  interest  to  measure  the  deflections  of  a  bridge  at 
every  panel  point  with  loads  at  various  speeds  and  with  engine  drivers 
in  and  out  of  vertical  balance,  as  well  as  with  drive  wheels  of  a  circum- 
ference exactly  equal  to  panel  lengths. 

The  train,  too,  might  be  loose  coupled,  so  that  all  wheels  were  simul- 
taneously at  a  panel  point.  The  deflection  increments,  at  speed,  above 
those  with  steady  load,  ought  to  give  the  increment  of  load  which  should 
be  provided  in  stress  calculations,  but  for  maximum  increment  it  woiild, 
of  course,  be  necessary  to  find  the  bridge  %-iliration  period  and  harmonize 
the  train  speed  to  produce  cumulation.  The  total  increment  for  high 
speeds  should  then  include  not  merely  the  maximum  cumulative  stresses, 
but  the  maximum  stresses  due  to  impact,  surging  and  centrifugal  action 
of  drive  wheel  counterbalances.     On  the  assumption   that  the  exj^eri- 
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mental  investigation  of  cumulative  vibration  shows  a  25  per  cent,  addi- 
tion, and  that  for  floor  systems  the  transferred  load  due  to  surging  and 
wind  pressure  is  100  per  cent.,  the  following  table.  No.  3,  would  exem- 
plify tlie  various  actual  calculable  loads,  after  a  first  addition  to  drive 
wheel  concentration  of  the  amount  due  to  centrifugal  action,  which 
should  be  taken  in  a  bridge  made  up  of  nine  panels  of  20  feet,  the 
amounts  of  percentage  being  taken  from  Table  No.  1.  The  transferred 
stresses  for  trusses  are  figured  as  for  an  increment  (1  +  x)  written  \.x,  as 
the  increment  can  only  be  found  when  the  relative  distance  ai^art  of 
rails  and  trusses  is  known,  and  for  the  stringers  the  increment  is  taken 
at  100  per  cent,  or  the  overturning  point  of  the  train.  The  transferred 
locomotive  load  would,  as  already  stated,  be  much  under  this  amount. 
Post  stresses  require  an  increment  equal  to  that  of  the  counter-brace 
attached  to  the  ujjper  end,  in  the  case  of  through  bridges,  and  the  stress 
thus  determined  must  be  compared  with  that  due  to  truss  general  stress 
and  the  greater  of  the  two  employed  in  determining  sections.  Probably 
the  most  expeditious  way  of  finding  stresses  by  this  method  will  be  to 
find  structural  load  stresses  separately  and  determine  rolling  load  stresses 
as  though  steady,  afterwards  multiplying  them  by  the  factor  under  the 
head  of  Total  in  Table  No.  3.  These  stresses  being  determined,  the 
working  stress  per  square  inch  of  the  material  is  to  be  found  in  the 
usual  way  from  the  ratio  of  minimum  to  maximum  load. 

TABLE  No.  3. 


Static. 

Im- 
pact. 

Cumulation. 

Transferred. 

Total  equiva- 
lent static. 

Trusses,  general  stresses 

Hip    verticals     and     beam 
hanger  s— 1  st     Counter- 
brace  

1.00 

1.00 

1.00 

1.00 

1.00 

1.00  f 

1.00  i 

1.00 

1.165 

1.86 
1.25 
1.20 
1.17 
1  60 
2.00 
1.36 

1.165  X  1.25=1.45 

1.36    X  1.25=  1.70 
1.25    X  1.23  =  1.56 
1.20    X   1.25=  1.50 
1.17    X  1.25  =  1.46 
1.60    X  1.25  =  2.00 
2.00    X   1.25=  2.50 
1.36    X  1.25  =  1.70 

1.45  X  l.x  = 

1.70  X  l.x  = 
1.56  X  1.0!  = 
1.50  X  1.x  = 

1.46  X  1.x  = 
2.00  X  2.0  = 
2.50  X  2.0  = 
1.70  X  l.a;  = 

1.45 +  1.45  a; 

1.70  +  1.7    X 
1.56  +  1.56  2 
1.51) +  1.5    X 
1.46  -J-  1.46  X 

2d  Counter-brace* 

3d  Counter-brace* 

4th  Counter-brace* 

Stringers,  general ) 

Stringers,  end  shear,  etc.  J 
Floor  beams 

4.00 
5.00 
1.70  +  1.7    X 

The  method  of  this  essay  clearly  gives  larger  maximum  stresses  than 
custom  assumes  ;  more  especially  is  this  noticeable  in  stringer  end  con- 
nections.    If  the  method  be  correct,  it  is  very  clear  that  short  spans,  as 

*  For  counter-braces  past  the  middle  of  span  the  percentage  is  clearly  that  due  to  half 
span  distance  from  approach,  as  they  then  take  general  truss  stress.  Though  only  com- 
mencing from  second  panel  point  in  Pratt  trusses,  the  span  so  far  as  regards  counter-braces 
also  only  commences  at  the  hip  vertical. 
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i\ow  built,  are  relatively  weaker  than  long  spans,  and  good  modern 
practice  tends  to  suj^port  the  accuracy  of  the  factors  herein  determined. 
For  floor  systems,  etc.,  the  method  is  clearly  more  accurate  than  for 
trusses,  as  the  loads  of  floor  stringers  more  nearly  approximate  to  the 
condition  of  a  single  load  than  in  the  case  of  trusses,  and  in  very  short 
panels  are  identical.  For  the  larger  spans,  too,  the  assumption  that 
maximum  deflection  takes  place  when  the  head  of  train  reaches  half 
span  is  an  error  on  the  safe  side,  and  the  percentages  for  impact  might 
probably,  with  a  near  approach  to  accuracy,  be  halved  for  spans  of 
400  feet  and  correspondingly  reduced  down  to  the  25-feet  span,  for 
which  no  reduction  of  imi)act  percentage  need  be  allowed. 

The  writer  would  not  make  any  claim  to  finality  in  this  method, 
biTt  offers  these  few  remarks  in  the  hope  that  they  may  be  of  service 
as  indicating  at  least  a  line  of  ajjproach  towards  the  time  solution  of 
the  real  stresses  due  to  moving  loads,  which,  if  once  determined  with 
accuracy,  would  engender  a  confidence  and  precision  in  design  hitherto 
quite  impossible. 

Experimental  proof  is  clearly  required  to  determine  actual  incre- 
ments, and  the  measure  of  deflection  appears  to  present  the  easiest 
method  of  doing  this. 

The  deflection  assumed,  4-^^^  of  sj^an  for  live  load  alone,  is  large.  For 
deflections  of  less  amount  the  percentage  additions  of  Table  No.  1  will  be 

reduced  in  the  proportion  /'ii_:  di  being  the  amount  of  the  new  deflec- 
tion. 

Half  the  deflection  would  give  — ^    times  the  percentage.  Expressed 

>/2 
50  Fy^ 
in  a  simple  form,  P  = ,  when  P  =  percentage  addition  ;   V  = 

s 

velocity  of  train  in  feet  per  second  ;  D  =.  deflection  due  to  live  load  in 
feet,  and  s  =  span  in  feet.  The  large  additions  made  to  live  loads  by 
the  percentage  factors  serve  to  raise  the  value  of  the  maximum  B  in  the 
formulas  of  Wohler,  whilst  leaving  minimum  B  unaltered  in  most  cases. 
Hence,  the  working  stress  allowable  is  lowered,  but  when  all  such 
percentages  have  been  added  and  the  ultimate  strength  of  every  detail 

determined  from   the  known  ratio  t..    ■ 5=;,     no    factor    remaining 

Minimum   B 

unknown,  it  may  fairly  be  claimed  that  a  factor  of  safety  from  2  to  3 
will  be  all  that  is  necessary ;  sufficient,  in  fact,  to  bring  the  work  of 
every  part  within  its  elastic  limit. 


148  BOOTH   ON   STRESSES   IJST   BRIDGES. 

The  experiments  of  the  Iron  Commissiouers  in  1849  showed  that  in 
certain  cases  deflections  xmder  moving  loads  were  over  double  of  those 
due  to  the  static  load.  This  does  not  prove  that  in  any  case  more  than 
100  i^er  cent,  addition  is  required,  but  rather  that  in  the  special  experi- 
ments the  true  elastic  limit  had  been  exceeded,  for  the  amount  of  deflec- 
tion in  the  short  bar  experiments  was  1^  inches  in  9  feet,  or  7-1  of  the 
span. 

The  immediate  conclusions  to  be  drawn  from  the  arguments  of  this 
pajjer  are  that  a  double-track  bridge  is  better  than  two  side  by  side 
bridges  of  single  track,  owing  to  maximum  stresses  being  much  less  fre- 
quent, and  to  the  decreased  possibility  of  maximum  stresses  due  to 
transferred  load  under  wind  pressures  ever  taking  place  at  all;  but  it  is 
evideut  that  in  approaching  to  the  true  working  limit  of  a  material 
under  absolutely  known  loading,  the  maximum  possible  stress  only  can 
be  admitted  into  calculations,  and  the  present  specified  allowances  of 
25  and  50  per  cent,  greater  stresses  under  extraordinary  loadings,  such 
as  wind,  will  lie  disallowed  in  the  near  future,  or  considerably  modified. 

Since  writing  the  foregoing  I  have  had  sent  me  a  copy  of  Mr.  S.  W. 
Kobinson's  paper  on  bridge  vibrations.  From  this  paper  I  observe  that 
an  ordinary  deflection  of  bridges  is  about  2  Ao"  oi  span.  My  table  Xo.  1, 
gi^'ing  impact  percentages  for  an  assumed  deflection  of  4-^,  may  be  fitted 
to  any  other  deflection  very  readily,  impact  varying,  as  ^B.  Hence  for 
deflections    of    i-roiy    the    tabular    numbers    must   be     multiplied    by 

— =  or  bv  ^  ._  ,  which  would  give  just  about  10  per  cent,  for  spans  of 
ye  "'     2.45 

80  feet  and  about  5  per  cent,  for  300  feet,  whilst  for  the  20-feet  span 
about  25  per  cent,  appears  the  proper  addition.  The  deflection  of  a 
Bollmau  truss  appears  to  be  about  s^ttit,  or  half  the  assumed  toit-  Hence, 
for  Bollman*  and   similar   trusses    the  allowance  for  impact  will  be 

- — zz.  of  the  tabular  numbers,  or  nearly  J.  From  this  it  is  clear  that 
•V   2 

whilst  such  trusses  are  not  exposed  to  very  cumulative  vibrations,  yet 
they  are  exposed  to  an  impact  nearly  double  that  of  Pratt  trusses.  As 
cumulative  vibration  appears  worst  in  the  case  of  long  spans,  the  first 
conclusion  to  be  drawn  would  a^ipear  to  be  that  the  Bollman  truss  is 
eminently  suited  for  long  spans.  Deeper  thought,  however,  leads  to  a 
different  conclusion.     With  a  -jiVff  deflection,  a  300-feet  Pratt  truss  re- 

*  Tlie  Fink  truss  is  an  improvement  upon  the  Bollman  in  respect  to  impact. 
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,uu-e,  6  per  cent,  for  iurpaC,  and,  according  to  Professor  Eolnnson,  50 
rr     nt  for  cunrnlation.  or  a  total  of  57*  per  cent.     Now,  tl.e  Boltaan 
C  of  300  feet  may  have,  perhaps,  5  per  cent,  only  of  c«,nu,at.on.  b« 
'relds  impact  not  tire  9  per  cent,  which  .7  of  the  tabular  number  13 
Tula   how,  »cl  why,    Because  the   Bollman  truss  is  really  competed 
Several  independent  trusses,  having  one  chord  only  m   common,  and 
a  bXe  on  th  s  principle  having  a  span  of  300  feet  and  25  panels  really 
In    sis,  so  far  as  impact  is  concerned,  of  a  series  of  40.foot  bndges,  each 
hJ    g     defection  of  .Jo  of  the  whole  span.     Thus,  w.th  a  deflec  ion 
e^ualto  that  of  a  SOO-feet  span,  the  impact  is  that  of  a  spaa  whose  half 
e  gth  is  eaual  to  a  panel  length  of  the  truss.     Table  No.  1  gives  3o  per 
cent  for  spans  of  40  feet,  and  threcfourths  of  this  is  27  per  cent.    Hence 
the  total  addition  to  the  Bollman  truss  is  133  per  cent.,  on  the  supposi- 
the  total  aaoiuo  Bollman  truss 

tiou  that  cumulation  adds  so  httle  as  o  per  ceni. 

thlfore  seen  to  possess  no  solid  advantage,  even  on  this  score,  over 
;.at  trusses,  and  it  seems  probable  that  attempts  to  stiffen  suchtrnsses 
^; -nterpane    bracing  may  serve  to  increase  cumulation  stresses,  whil 
d'oing  li  tie  or  nothing  to  diminish  the  effects  of  impact.     Long  y^ 
would  appear  an  essential  in  all  such  types  of  bridges,  in  order  to  dimin- 

'^'  IZilg  2  pounds  per  s.uare  inch  of  piston  area  for  weight  of  pi. 

toniods  etc  ,  an  ordinary  18  inch  engine  would  figure  out  to  about  500 

0^;  d       Taking  half  this  as  reciprocating,  the  centrifugal  action  of  the 

e  11  unbaJnced  driver  is  J  =  .00034  W ,-  K  =  ;  -  being  taken  c,nal 
vertically  uno  ^^  ^  j^^^  p^^  ^^^,. 

to  crank-pin  radius,  or  1  foot ,  i\,  loi  a  ou  luc  „„,,„j, 

ond,is312,and  ^  =  8274  pounds,  or  a  difference  °    1«^« /-'j  '_ 
which  difference  is  brought  to  bear  ou  the  truss  or  rad  in  half  a  levolu 
tionofthewheel,orin-^i-,  of    a  second.     Now,  one   revolution  of  a 
wheel  is  17.27  feet,  and  .,W  of  this  is  vfe  of  a  foot  deflection  assuming 
^ca  deflection  to  occur.     The  time  occupied  in  falling  freely  through 

1   1  100   v_L  ^— 1- =22  per  cent,  to 

.^i-  of  a  foot  is  1;  of  a  second,  hence  100   X  ^-    .   ^  j^ 

be  added  to  driver  counterbalance  excess  for  static  equivalent,  pmcti- 
cally  a  ,ou«h.  -In  the  present  instance  the  driver  e.cess  ->---  '^"j 
10  000  pounds  above  mean  load,  or  30  000  pounds  diflercnce.  This  is  o 
itself  equivalent  to  an  addition  of  18  per  cent,  to  the  mean  -ight  of  a 
■  standard  U2  000-pound  passenger  engine,  whilst  ";--"-"»f  :^  "^  ' 
enoe  is  36  per  cent.,  which,  after  allowing  for  speed  differences,  is  cuu 
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ously  near  the  amount  of  engine  percentages  found  by  Professor  Robin- 
son, aud  though  the  means  of  finding  this  may  be  scarcely  scientific,  I 
am  inclined  to  the  belief  that  it  is  to  this,  rather  than  to  cumulation, 
that  engine  excess  is  to  be  thought  due,  though  in  the  case  of  train  ex- 
cesses the  panel  coincidence  holds  good.  I  should  be  inclined  to  believe 
also  that  when  counterbalauce  excess  is  down  at  floor  beams  and  up  at 
mid-panel  the  effect  would  be  in  certain  cases  as  serious  as  when  the 
reverse  is  the  case.  Though  for  general  stringer  stresses  counterweights 
down  at  mid-span  may  be  productive  of  the  worst  effects  of  imjjact,  yet 
for  stringer  connections  to  floor  beams  the  centrifugal  action,  when  the 
weight  is  down  at  stringer  ends,  i.  e.,  at  floor  beams,  added  to  an  already 
found  100  per  cent,  for  instantaneous  application  as  the  wheel  comes 
from  over  the  floor  beam,  must  be  very  serious.  As,  however,  it  is  im- 
possible to  choose  how  a  locomotive  shall  place  its  wheels,  allowance 
must  be  made  in  every  case  for  most  disadvantageous  position. 

The  percentage  due  to  centrifugal  action  requires  to  be  added  to  the 
eno-ine  loads  to  an  extent  at  60  miles  of  probably  40  per  cent.,  as 
deducible  from  Professor  Robinson's  figures  for  lower  speeds,  before 
the  addition  of  the  further  excess  for  impact.  The  fact  that  centrifugal 
action  varies  with  the  square  of  the  wheel  revolutions  is  presumptive 
evidence  that  engine  vibration  for  freight  trains  should,  as  observed,  be 
small.  It  is  also  observable  that,  whilst  in  passenger  trains  the  locomo- 
tive is  the  cause  of  vibrations,  in  freight  trains  the  cars  form  the  chief 
stress-producing  element,  and  this  is  to  be  taken  as  showing  that  a 
bridge  is  likely  to  be  safe  under  a  passenger  train  if  calculated  for  a 
freight  train  vibration,  and  further,  that  large  wheels  to  an  engine  are 
conducive  to  safety. 

Locomotives  might  be  perfectly  counterbalanced  if  somewhat  differ- 
ently arranged  as  regards  cylinders.  To  balance  the  pistons  an  arrange- 
ment of  four  cylinders  with  the  two  pistons  on  the  same  side  of  engine, 
moving  in  opposite  directions,  might  be  arranged  on  an  overhung  double 
crank,  or  the  counterweight  excess  of  present  engines  might  be  balanced 
by  the  introduction  of  a  vertically  moving  balance  driven  by  connecting 
rod  from  the  crank  or  wrist  pin.  The  subject  is  worth  more  attention 
than  has  been  yet  accorded  it,  for  it  is  certain  that  the  vibrations  set  up 
in  the  ground  and  contiguous  buildings  to  a  railway  by  the  unbal- 
anced counterweights  at  high  speeds  must  act  prejudicially  on  bridge 
structures. 
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THE  CONSTRUCTION  OF  THE  BRIDGE  OVER 
THE  ARKANSAS  RIVER.  AT  VAN  BUREN, 
ARKANSAS. 


By  C.  D.  PuRDOx,  M.  Am.  Soc.  C.  E. 


WITH   DISCUSSION. 

The  followiug  paper  is  the  substance  of  a  report  made  by  the  writer 
to  Mr.  James  Dun,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  St.  Louis 
and  San  Francisco  Railway,  upon  the  construction  of  the  bridge  over 
the  Arkansas  Eiver,  at  Van  Buren,  Ark. 

A  great  deal  of  difficulty  and  delay  was  experienced  at  first  from  the 
unusually  high  water  in  the  river,  in  which  it  may  be  said  there  was 
no  intermission  during  the  Spring  of  1885,  until  July,  and  in  fact  until 
that  time  b  it  little  work  on  the  actual  construction  was  accomplished. 

We  found  that  10  feat  above  low  water  seriously  interfered  with  any 
work  on  foundations  and  15  feet  jiroved  enough  to  stop  work  altogether. 

By  reference  to  the  profile  (Plate  XXIV)  showing  the  stage  of  water 
during  the  year,  it  will  be  noticed  (the  first  work,  viz.,  building  caissons 
for  Pier  2,  having  been  commenced  April  10th),  that  in  April,  May,  June 
and  July  we  had  at  different  times  enough  high  water  to  stop  all  work, 
and  the  intervals  between  the  rises  were  so  short  that  but  little  could  be 
accomplished.  A  rise  also  took  place  in  Sep'ember  which  stopped  all 
work  excei^t  on  Pier  Xo.  1 ;  this  rise,  however,  did  not  last  long. 
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But  little  difficulty  was  experienced  in  sinking  any  of  the  caissons,  as 
■will  be  observed  by  reference  to  the  diagram  showing  the  sinking  (Plate 
XXXV),  and  the  rock  was  found  in  all  piers,  except  No.  2,  to  be  almost 
level.  A  good  deal  of  trouble  was  encountered  with  the  caisson  of 
Pier  3;  also  the  sinking  of  Pier  1  was  delayed  by  bowlders. 

The  character  of  the  bed  rock  was  good;  it  consists  of  a  hard,  clayey 
slate,  which  is  in  places  overlaid  by  an  inch  or  two  of  very  tough  blue 
clay,  with  which  the  seams  of  the  rock  are  also  filled;  it  is  also  in  some 
places  overlaid  by  bowlders  which  are  very  hard,  aj^i^arently  of  clay  and 
sand  mixed,  of  a  bright  blue  color,  and  showing  sjiecks  of  mica  or  iron 
pyrites. 

The  average  of  the  elevations  of  the  rock  at  the  different  jDiers  as 
finally  established  was  almost  identical  with  the  original  borings,  piers 
2  and  5  showing  the  greatest  difference.  This  is  shown  by  the  appended 
statements  for  each  pier. 

The  timber  used  was  yellow  i)ine,  from  William  Farrel's  mill  at 
Wrightsville,  Ark. ,  and  was  of  excellent  quality.  All  the  timber  used, 
exceiDt  bridge  ties,  came  from  this  mill,  and  cost  $9,  $10  and  311  per 
thousand  feet,  board  measure,  at  the  mill  for  20,  30  and  40  feet  lengths. 
The  freight  (172  miles)  was  about  Si  per  thousand. 

Of  the  stone  used,  366  cubic  yards  came  from  Mountainburg  quarry, 
about  20  miles  north  of  Van  Buren.  This  stone  was  used  in  Piers  1  and 
10  only,  as  it  was  judged  too  soft  to  put  in  piers  exposed  to  a  strong  cur- 
rent. It  is  a  somewhat  yellow  sandstone,  showing  traces  of  iron,  and 
weighs  139  pounds  per  cul  »ic  foot. 

Two  hundred  and  thirty-eight  cubic  yards  of  limestone  were  quarried 
near  Garfield,  Ark.  It  is  of  a  l^lue  color,  very  hard,  and  weighs  158  pounds 
per  cubic  foot.     It  was  used  for  the  lower  courses  of  Piers  2  and  4. 

All  the  rest  of  the  stone  came  from  three  quarries  near  Beaver  sta- 
tion, on  the  Eureka  Springs  Railway.  This  is  a  white  limestone  of  ex- 
cellent quality,  and  weighs  155  pounds  per  cubic  foot. 

A  small  quantity  of  backing  was  quarried  about  three-quarters  of  a 
mile  above  the  bridge  site  on  the  north  bank  of  the  river,  where  also 
was  quarried  all  the  stone  crushed  for  concrete  and  that  used  for  riprap 
on  Piers  7,  8  and  9. 

Pier  1  was  at  first  designed  to  be  built  in  an  open  caisson;  but  for 
reasons  stated  hereafter  under  the  head  of  Pier  1,  a  caisson  sunk  by  the 
X)neumatic  process  was  substituted. 
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Piers  2,  3,  4,  5  and  6  are  each  l)uilt  on  a  caisson  sunk  by  the  pneu- 
matic process. 

On  all  these  caissons  a  crib  was  built,  filled  with  concrete.  This 
orib  was  designed  to  be  of  such  a  height  as  to  be  4  feet  below  low  water 
when  the  caisson  finally  rested  on  the  bed  rock. 

The  working  chamber  of  all  these  caissons  was  filled  with  concrete 
after  sinking.  This  concrete  was  carefully  rammed  in  place  under  the 
personal  inspection  of  members  of  the  engineer  corps,  who  relieved  each 
other  in  this  duty. 

After  the  caisson  had  V)een  filled  in  this  manner,  a  quantity  of  grout 
was  poured  in,  under  air  pressure,  and  the  aii-  pressure  was  continued 
from  twelve  to  eighteen  hours  after  grouting. 

The  greatest  pressure  used  during  the. sinking  was  21  pounds  per 
square  inch,  which  was  while  fiUing  the  caisson  at  Pier  2,  the  water 
then  being  high. 

Piers  7,  8  and  9  are  each  built  on  a  grillage  supported  by  piles.  This 
gi-illage  is  described  in  its  appropriate  place. 

These  piles  were  driven  by  a  hammer  weighing  i  700  pounds,  as- 
sisted by  a  jet  of  water,  and  some  of  them  required  over  three  hundred 
and  fifty  blows,  the  average  being  about  two  hundred  and  eighty.  They 
were  aU  driven  to  refusal,  and  are  believed  to  be  on  rock,  as  the  length 
of  the  piles  agrees  with  the  level  of  rock  given  by  boriugs.  They  were 
of  various  kinds  of  oak,  hickory,  elm  and  gum,  and  a  few  sawed  sticks 
of  12  X  12  pine  were  used. 

Pier  10  was  built  on  a  concrete  foundation  in  the  usual  manner. 
The  masonry  generally  was  also  delayed  by  high  water.  Pier  10, 
which  was  rather  advanced  than  retarded  by  high  water,  was  built 
in  May  and  June.  Pier  2  was  built  in  June  and  July,  and  aU  the 
rest  of  the  masonry  between  the  11th  of  August  and  the  21st  of 
^November. 

In  the  latter  piers  two  gangs  were  employed.  The  average  number 
of  cubic  yards  laid  by  each  per  working  day  was  21.95. 

The  masoniy  is  of  excellent  quality^  both  as  regards  stone  and  work- 
manship, and  although  some  bridges  may  excel  it  in  exterior  finish,  we 
think  it  will  compare  favorably  for  solidity  and  workmanship  with  any 
railway  masonry  in  the  country. 

But  two  deaths  occurred  during  the  building  of  the  substructure; 
one  laborer  employed  in  the  pneumatic  work  was  drowned  by  falling  off 
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a  barge;  and  a  sub-foreman  in  the  emijloy  of  the  Union  Bridge  Com- 
pany died  of  congestive  fever. 

A  carpenter  had  his  leg  broken  by  a  flying  jjiece  of  a  stump,  whick 
was  dislodged  by  a  blast  in  the  quarry  near  the  bridge  site. 

The  caissons  were  built  and  sunk  by  "William  Sooysmith  &  Son,  of 
Chicago,  under  a  sub-contract  from  the  Union  Bridge  Company,  and 
they  showed  great  energy  and  skill  in  their  work. 

The  masonry  was  built  by  the  Union  Bridge  Company,  under  the 
superintendence  of  C.  E.  Danforth. 

The  superstructure  consists  of  two  spans  252  feet  9  inches,  center  to 
center  of  end  pins,  north  of  the  draw. 

One  draw  span,  rim  bearing,  366  feet,  center  to  center  of  end  pins. 

One  span  252  feet  9  inches,  and  four  spans  162  feet,  center  to  center  of 
end  pins,  south  of  draw;  the  total  length  of  bridge  over  all  being  1  798 
feet. 

Considerable  delay  occurred  on  account  of  the  iron  not  coming  for- 
ward at  the  projier  time.  For  instance,  the  pivot  pier  was  finished 
October  5th,  but  no  iron  was  received  for  the  span  until  December  13th. 

Pier  2  was  finished  July  20th,  and  Pier  1  October  13th.  Enough 
iron  for  this  span  (No.  1)  was  not  received  until  November  4th. 

Pier  10  was  finished  June  9th,  and  Pier  9  August  29th.  Enough 
iron  for  this  span  was  not  received  until  December  12th. 

Pier  8  was  finished  September  30th,  and  Pier  7  November  9th.  The 
iron  for  these  spans  was  not  received  until  December  19th. 

The  spans  are  all  single  intersection,  IS  feet  wide  in  the  clear.  The 
252  feet  9  inches  spans  and  the  draw  have  inclined  top  chords.  The  162 
feet  spans  have  parallel  chords. 

The  last  iron  for  the  draw  span  was  received  January  22d,  1886,  and 
the  erection  begun  the  25th.  The  trusses  were  all  coupled  February  1st, 
and  the  first  train.  No.  17,  south  bound,  passed  over  the  bridge  at 
3.30  P.M.,  February  9th,  1886. 

PlEB   1 

Is  the  north  abutment  of  the  bridge.  According  to  the  contract, 
this  pier  was  to  be  built  on  a  bed  of  concrete  18  by  29  feet,  built 
up  from  the  bed  rock  (elevation  given,  350  feet,  plus  datum)  to  low 
water  (362.7)  inside  an  open  caisson,  or  an  open  space  inclosed  with 
sheet  piling. 
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On  April  14th,  1885,  the  pit  was  staked  out  and  excavation  begun, 
to  be  stopped  by  high  water  on  the  22d.  It  then  remained  untouched 
until  June  16th,  when  it  was  again  started,  to  be  stopped  by  high  water 
on  the  18th. 

After  this,  on  account  of  the  high  bank  behind  the  pit,  and  the  diffi- 
culty already  experienced  from  high  water,  the  Union  Bridge  Company 
agreed  with  Sooysmith  &  Son  (the  contractors  for  foundations)  to  build 
and  sink  a  caisson  and  crib  for  the  pier,  size  20  by  30  feet. 

Accordingly,  on  August  14:th,  the  caisson  was  commenced,  being 
built  in  jjosition,  and  before  being  roofed  over  was  sunk  as  far  as  pos- 
sible by  shoveling.  The  caisson  and  crib  (4  feet  of  crib)  being  finished, 
the  crib  was  filleil  with  concrete,  and  an  air  pipe  laid  from  the  pressure 
boat,  which  was  then  at  Pier  3.  A  rise  in  the  river  j^revented  this  plan  of 
sinking  being  carried  out,  and  as  the  river  became  too  high  to  continue 
work  on  Pier  3,  the  pressure  boat  was  moved  over  to  Pier  1,  and  sinking 
commenced  September  10th. 

After  the  cutting  edge  had  reached  the  depth  of  9  feet  below  low 
Avater  a  mass  of  bowlders  was  encountered  which  had  to  be  broken  up  by 
blasting  and  other  means  and  a  large  amount  of  them  brought  out 
through  the  air  lock,  which  greatly  delayed  the  sinking  to  bed  rock; 
this  was  finally  reached  September  25th. 

On  the  concrete  in  the  crib  the  masonry  was  commenced,  and  con- 
sists of  three  footing  courses  each  2  feet  high,  with  9-inch  offsets.  On 
these  the  neat  work  begins,  13  feet  10  inches  by  24  feet,  and  is  carried 
11  J)  with  plumb  sides,  face  with  a  batter  of  2  inches  to  1  foot;  and  back 
plumb  with  three  9-inch  offsets.  The  cojjing  is  7  by  25  feet,  and  at  the 
back  of  it  is  the  ballast  wall  24  feet  by  2  feet  6  inches  and  5  feet  4  inches 
high. 

The  first  footing  course  is  of  Eureka  Springs  limestone.  Above  this 
the  pier  is  of  Mountainburg  sandstone  up  to  7  feet  below  the  coping. 
The  rest  of  the  pier  is  limestone. 

The  elevation  of  bed  rock  proved  to  be  351.15. 

Began  excavating  pit  (1885) April  14th. 

Stopped  by  high  water "      22d. 

Began  again. . June  16th. 

Stopped  by  high  water "     18th. 

Began  building  caisson  in  place August  14th. 

Finished  building  caisson  and  crib Sei^tember  3d. 

Began  concrete  in  crib , "  3d. 

Finished  concrete  in  crib "  4th. 

Began  sinking "         10th. 

"       masonry ♦'         11th. 

Finished  sinking  and  began  fiUing  chamber "         25th. 

"  filling  chamber "         27th. 

"  masonrv October  13th. 
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Quantities  and  Weights. 
Total  contents  of  masonry. .    391.7  cubic  yards, 

88 . 3  cubic  yards  limestone,  at  155  pounds  per 

cnbic  foot 369  535  pounds. 

229 . 2  cubic   yards  sandstone,    at   139  pounds 

per  cubic  foot 860  187         " 

36  712  feet  B.  M.  timber,  4^  pounds  per  foot. .       165  204         " 

Concrete  in  chamber 68.3  cubic  yards. 

crib 66.3 

"  air  shafts 11.9       "         " 

Total 146.5  at  130  pounds 

per  cubic  foot,  514  215  " 

Iron 4  128  " 

222  barrels  cement,  at  290  pounds 64  380  " 

315  barrels  sand,  at  375  pounds 118  125  " 


Total 2  095  774 

Less  displacement,  20  x  30  x  11.55  cubic  feet. . .       431  947 


(Water  taken  at  62.33  isounds  per  cubic  foot.) 

Net 1  663  827         " 

Area  of  foundation 600  square  feet. 

Pressure  from  substructure: 

Per  square  foot  (pounds) 2  773 

"   square  inch  " 19.26 

Superstructure  and  Load: 

252  feet  9  inches  truss,  dead  load,  2  536  pounds  per  foot.     640  974 
"         "           "          live  load,  3  000  pounds  j)er  foot, 
+  40  000  excess 798  250 

1  439  224 

Half  of  which  belongs  to  Pier  1  =  719  612. 

Pressure  on  Foundation  from  Superstucture  and  Load: 

Per  square  foot  (iJouuds) 1  199 

' '   square  inch         * '        8 .  32 

Total  weight  on  Foundation: 

Per  square  foot  (jjounds) 3  972 

"   square  inch         "        27.58 

PlEK  2 

Is  built  on  a  caisson  sunk  to  bed-rock.  The  dimensions  of  tbe  cais- 
son are  18  x  39  feet  over  all.  The  working  chamber  is  6  feet  high,  with 
walls  of  two  thicknesses  of  12  x  12  pine,  sheeted  inside  and  outside, 
with  3-inch  plank.  The  roof  consists  of  two  courses  of  12  x  12  i^ine. 
On  this  caisson  is  built  a  crib  of  the  same  outside  dimensions.  The 
walls  are  of  one  thickness,  of  12  x  12  pine,  sheeted  outside  wdth. 
3-inch  plank.  It  has  one  longitudinal  brace  in  each  alternate  course, 
and  four  cross-braces  in  each  course  between  the  longitudinal  braces, 
all  12  X  12,  and  dovetailed  into  walls.      This  crib  is  filled  with  concrete. 
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In  the  25reliminary  borings,  the  elevation  of  the  bed  rock  at  this  pier 
was  given  as  342.5,  and  the  caisson  and  crib  were  accordingly  built  16 
feet  6i  inch&s  high,  so  as  to  commence  the  masonry  4  feet  below  low- 
water.  During  the  progress  of  the  work  the  elevation  of  the  rock  was 
found  to  be  much  lower,  so  the  masonry  was  commenced  larger  than  the 
original  plans,  to  allow  for  the  increased  depth.  "When  the  caisson 
reached  the  rock,  the  rock  was  found  to  have'afall  down  stream  of  7  inches 
in  the  length  of  the  chamber.  The  up-stream  end  rested  on  the  rock, 
also  the  sides  in  various  places.  The  rest  of  the  shoe  was  wedged  up 
on  12  X  12  blocks,  and  concrete  rammed  under  the  shoe  in  the  spaces 
between  these  blocks. 

The  elevation  of  the  cutting  edge,  when  finally  resting  on  the  rock, 
was  338.47,  and  of  the  top  of  the  concrete  in  the  crib  355.0.  At  this 
elevation  the  masonry  was  commenced.  It  consists  of  two  footing 
courses  18  inches  high  and  one  12  inches  high,  the  sizes  being  resiject- 
ively  12.11  x  35.2;  12.1  x  34.2,  and  11.1x33.2,  all  being  built  with 
square  ends.  On  this  the  neat  work  begins  10  feet  wide  and  22  feet 
long  between  shoulders,  with  semicircular  ends. 

The  oi'iginal  plan  was  to  carry  up  this  masonry  with  a  batter  of  ^  inch 
l^er  foot,  finishing  6  feet  6  inches  wide  under  coping;  but  plans  of  the 
pedestals  of  the  fixed  spans  having  been  received  from  the  Union  Bridge 
Company,  which  showed  that  this  size  would  only  allow  1  ^  inches  for  in- 
accuracy in  location,  sinking,  etc.,  it  was  decided  to  carry  up  this  batter 
to  2  feet  below  the  coping,  finishing  6  feet  8  inches  wide  at  that  point, 
and  then  reverse  the  batter  and  make  it  3  inches  per  foot;  then  finishing 
under  coping  7  feet  8  inches  wide. 

The  coping  consists  of  a  16-inch  course  projecting  G  inches. 

A  small  part  of  the  backing  was  quarried  at  the  bridge  site;  all  the 
rest  of  the  stone  came  from  Eureka  Springs  quarries,  except  a  small 
part  from  Garfield  quarry. 

There  were  some  delays  from  high-water,  and  from  want  of  suitable 
stone;  the  building  of  the  caisson  was  also  delayed  by  high-water. 

Began  building  caisson  (1885) April  10th. 

Launched  caisson ^ay  13th,  1.45  p.m. 

Located  caisson J^ay  13th,  5. 20  p.  ii. 

Finally  located June    4th. 

Began  concrete  in  crib "        3d. 

Finished  concrete  in  crib "       5th, 

Began  sinking "       6th. 

Began  masonry "       7th. 

Finished  sinking "      22d. 

Began  filling  working  chamber "      23d. 

Stopped  work;  water  over  shaft June  27th,  8  A.ir. 

Began  again  filling July  Ist,  3  p.ir. 

Finished  filling July   2d,  4.20  a.m. 

Stopped  masonry  for  want  of  stone "     4th,  9.30  a.m. 

Began  again "  15th,  a.m. 

Last  coping  stone  set "   18th,  6.50  p.m. 

Coping  grouted  and  pier  finished "    20th,  7.45  a.  m. 
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Quantities  and  Weights. 

Solid  contents  of  masonry 450.4  cubic  yards. 

387  cubic  yards    limestone,    155    j^ounds   per    cubic 

foot (pounds)     1  619  595 

■Concrete  iu  chamber    103      cubic  vards. 

"     crib 144  "     "    " 

"     shafts..       14.2 

261.2       "         •'      at  130  pounds 

per  cubic  foot,  916  812 

55  568  feet  B.  M.  timber  at  4^  pounds 250  056 

Wrought  and  cast-iron  in  foundations 5  727 

Wrought-iron  in  masonry 639 

230^  barrels  cement,  at  290  pounds 66  845 

321         "        sand,  at  375  pounds 120  375 

Total 2  980  049 

Xiess  displacement  at  low  water 894  402 

Net (pounds)     2  085  647 

Area  of  foundation 702  square  feet. 

Pressure  on  foundations: 

Substructure,  jier  s;xuare  foot 2  971        pounds. 

"  per  square  inch 20.63         " 

Superstructure : 

252  feet  9  inches  truss,  dead  load,  2  536  pounds  per  foot  and 

live  load,  3  000       "  "  +40  000 

excess  =  2  050  per  square  foot,  or  14.22  per  square  inch. 
Total,  5  021  per  square  foot;  34.85  per  square  inch. 

Pier  3 

Is  also  built  on  a  caisson  similar  to  Pier  2.  This  pier  was  very  un- 
fortunate in  its  career.  When  launched  (June  11th)  the  river  was  rising 
a  little,  and  it  was  held  at  the  launching  place  to  put  on  part  of  the  crib. 
It  was  started  for  its  position  on  the  18tli,  towed  by  the  transfer  boat 
^'Harold  B."  On  passing  the  locating  piles  they  failed  to  get  a  line  out, 
and  the  boat  being  unable  to  manage  the  caisson,  it  grounded  on  the  sand 
bar  about  half  a  mile  below  the  bridge  site.  In  the  evening  a  voi>e  was 
run  from  it  to  the  locating  piles,  and  the  hoisting  engine  put  to  it.  The 
only  eflfect  of  this  was  to  break  off  two  piles.  After  this  all  the  available 
steamboats,  viz. :"  Harold  B,"  "Poteau,"  "Tempest,"  and  the  feiry- 
iDoat  tried  to  tow  it  up,  but  only  succeeded  in  getting  it  afloat.  Late  in 
the  evening  they  took  hold  of  it  again,  and  finally  succeeded  in  getting 
it  into  position  at  2  a.  m.  on  the  19th.  On  the  20th  it  was  located  and 
concrete  in  crib  begun,  which  was  continued  up  to  the  23d,  when  the 
river  began  rising  very  fast,  and  the  sand  scouring  out  from  the  up-stream 
end  of  the  caisson;  to  protect  it  a  row  of  piles  was  driven  across  the 
stream  about  50  feet  above  the  caisson,  and  brush  cut  and  weighted 
down  with  stone  above  them.  The  caisson  was  now  a  good  deal  out  of 
line,  the  up-stream  end  being  -ow. 
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July  3d  the  river  had  fallen  a  little,  and  the  pressiire  barge  was 
brought  over  and  air  put  on  and  a  part  of  the  false  bottom  got  out,  but 
on  the  4th  the  river  again  began  rising,  and  on  the  5th  the  air  had  to  be 
taken  off  and  the  boat  moved  away,  as  she  was  in  danger  from  the  heavy 
drift  running.  On  the  7th  so  much  drift  had  caught  on  the  piles  driven 
to  protect  the  caisson  that  they  broke  off,  and  the  mass  of  drift  coming 
down  against  the  air  shaft  (the  caisson  and  crib  being  under  water) 
broke  it  off  at  the  top  of  the  crib,  and  the  upper  section  containing  the 
lock  was  lost  in  the  river.  The  caisson  was  now  8^  feet  out  of  level  in 
its  length,  and  2  feet  in  the  direction  of  the  bridge,  the  northeast  corner 
being  the  highest.  Nothing  more  was  done  until  August  27th,  as  a  caisson 
for  another  pier  could  be  sunk  quicker  to  give  employment  to  the  masons. 
A  good  deal  of  doubt  was  felt  as  to  whether  this  caisson  could  be 
used  at  all,  as  it  had  moved  down  stream,  and  should  it  pivot  on  its  up- 
stream end  in  leveling,  it  would  be  so  much  out  of  place  that  the 
masonry  could  not  be  put  on  it.  A  plan  was  suggested  to  widen  the 
up-stieam  end  by  driving  a  row  of  timbers  12  x  15  close  to  it  and  bolting 
them  to  the  caisson  by  means  of  a  diver,  but  it  was  finally  thought  most 
advisable  to  try  and  level  the  caisson  by  pivoting  on  the  center  and 
forcing  the  up-stream  end  to  rise  as  it  came  level.  A  diver  was  employed 
to  take  away  the  drift  and  logs,  and  when  they  were  removed  the  work 
was  commenced. 

The  up-stream  half  of  the  false  bottom  was  still  in  the  caisson,  and 
materially  assisted  this  plan.  The  crib  was  finished,  and  the  down- 
stream end  filled  with  concrete  and  the  work  of  leveling  commenced. 
It  was  entirely  successful,  and  on  September  5th  the  caisson  was  practi- 
cally level. 

It  was  now  found  to  be  2  feet  8  inches  down  stream,  and  2  feet  1  inch 
south  from  its  true  position.  The  down-stream  end  and  south  side  were 
accordingly  kept  as  low  as  possible  to  work  it  back,  and  it  was  finally 
got  back  far  enough  to  begin  the  masonry  by  leaving  out  the  offsets  on 
the  up-stream  end  on  the  footings  and  beginning  the  first  footing  course 
4  inches  from  the  north  side  of  the  crib. 

The  masonry  was  begun  September  8th,  and  two  footing  courses 
put  on,  when  the  river  began  rising  again,  and  as  it  was  obvious  that 
the  masonry  could  not  be  kept  above  the  water  and  that  the  caisson 
might  move,  it  was  thought  best  to  stop  work  and  not  commence 
the  neat  masonry  until  the  river  fell  again.  Accordingly  work  was 
stopped  until  September  27th,  when  pressure  was  again  put  on  and  the 
caisson  brought  level.  The  neat  work  was  then  commenced  (September 
29th),  and  all  went  well  until  the  caisson  touched  rock  October  5th. 
Filling  the  chamber  then  began,  and  was  completed  October  7th. 
Enough  masonry  was  built  to  keep  the  pier  above  an  ordinary  rise,  and 
it  was  then  left  until  the  15th,  when  it  was  resumed  and  continued  with 
a  delay  of  a  few  days  until  its  completion. 
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Began  building  caisson  (1885) May  18th. 

Launched  "        June  11th,  4  p.m. 

Located  "        "     19th,  1  p.m. 

Began  concrete  in  crib *'         "  " 

Stopped  work "      22d. 

Drove  piles  up-stream  for  protection "      24th. 

Began  pressure July  3d. 

Stopped  for  high-water "   5th. 

Drift  carried  away  air-lock "   7th. 

Again  began  pressure August  27th. 

Began  concrete  in  crib September  6th. 

Finished     "  "     "  7th. 

Began  masonry "  8th. 

Stopped  for  high  water "  10th. 

Again  began  pressure "  27th. 

' '  masonry "  29th. 

Began  filling  caisson October  5th. 

Finished"         "         "        7th. 

Finished  masonry November  17th,  1.30  p.m. 

Quantities  and  Weights, 

Solid  contents  of  masonry 493.7  cubic  yards, 

433.9  cubic  vards  limestone,  155     pounds   per   cubic 

foot. . . ." (pounds)    1  815  871 

Concrete  in  chamber. ...     91     cubic  vards. 

"     crib 334.4      "     "   " 

"     shafts 2.7      " 

428.1,  at  130  per  cubic  foot.  1  502  631 

77  029  feet  B.  M.  timber,  4^  pounds  per  foot 346  630 

Wrought  and  cast-iron  in  foundations 7  378 

Wrought  iron  in  masonrv 1  192 

264^  barrels  cement,  at  290 76  705 

377i       "        sand,  at  375 141562 


Total 3  891  969 

Less  disj^laeement 1  245  415 


Net (pounds)    2  646  554 

Area  of  foundation 702  square  feet. 

Pressure  on  foundations  : 

From  substructure,  per  square  foot 3  770.0 

"  per  square  inch 26,19 

Superstructure  and  load  : 

i  of  252  feet  9  inches  truss,  dead  load,  2  536  pounds  per  foot. 
"  "  "       live       "     3  000      "  " 

+  40  000  excess  = 719  612 

I  of  load  on  one  arm  of  draw-span,  3  000  i)Ounds  per  foot, 

-h  40  000  excess  = 220  875 


Total 940  487 

From    siiperstructure: 

1  339  pounds  per  square  foot;  9,30  per  square  inch. 
Total,  5  109  per  square  foot;  35,49  jjer  square  inch. 
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Pier  4. 
This  pier  carries  tlie  draw-span,  and  is  circular  in  shape,  30  feet 
diameter,  and  rests  on  a  caisson  sunk  to  bed  rock. 

The  caisson  is  octagonal  in  shape,  and  measures  38  feet  6  inches 
across.  The  chamber  has  walls  of  two  thicknesses  of  12  x  12  pine  sheeted 
inside  and  outside  with  3-inch  i^lank.  The  roof  consists  of  four  courses, 
12  X  12  pine.  On  this  is  built  a  crib  of  the  same  outside  dimensions  as 
the  caisson.  The  walls  are  single,  12  x  12  pine,  sheeted  outside  with 
3-inch  plank.  There  are  three  ties  12  x  12  in  each  course  of  crib,  alter- 
nating.    This  crib  is  filled  with  concrete. 

The  bottom  footing  is  octagonal  in  shape  and  consists  of  two  12-inch 
courses  of  masonry,  33  feet  across.  The  second  footing  is  24  inches 
high,  circular  in  shape,  and  31  feet  6  inches  diameter.  On  this  the  neat 
work  is  built,  30  feet  diameter.  The  coping  is  31  feet  diameter,  18  inches 
thick  at  center  of  pier  and  16  inches  at  edges. 

No  difficulty  was  met  with  in  sinking  the  caisson,  and  the  bed  rock 
was  found  to  be  not  more  than  2  inches  out  of  level  in  the  width  of  the 
chamber. 

Began  building  caisson  (1885) June  12th. 

Launched  caisson "      23d. 

Located  caisson "     30th. 

Began  concrete  in  crib "     30th. 

Began  sinking August  2d. 

Finished  concrete  in  crib   "     10th. 

Began  masonry "     12th. 

(No  masonry  built  August  20th  to  28th,  while  filling  chamber. ) 

Finished  sinking August  21st. 

Began  concrete  in  chamber "      21st. 

Finished  concrete  in  chamber "     27th. 

shafts August  27th,  11  P.M. 

Resumed  masonry August  28th. 

Finished         "         October  5th. 

Quantities  and  Weights. 

Total  contents  of  i")ier 1  001.8  cubic  yards. 

827.8  cubic  yards  stone,  155  i^ounds  per  foot 3  464  334 

139  827  feet^B.  M.  timber,  4^  pounds  per  foot 629  221 

Concrete  in  chamber 198.4  cubic  yards 

crib 710.         " 

"       shafts 11.6       " 

920  at  130  per  cubic  foot. .  3  229  200 

Iron 9  968 

Cement,  678i  barrels  at  290 196  765 

Sand,  8974     "     375 336  562 

Total 7  866  059 

'        Displacement,  15.942  x  4,828  x  29.7,  36  433.3  cubic  feet. 

First  footing  course 1802.4         " 

Mo  of  second  footing  course 887.9         " 

38  123.6  at  62.33..   2  376  244 

Net (pounds) ....  5  489815 
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Area 1  226. 71  square  feet. 

Pressure  per  square  foot 4  475.2  pounds. 

"    ,     "      inch 3108     " 

Superstructure  and  load: 

366  foot  truss,  dead  load,  2  585  pounds  per  foot 946  110 

Turn-table,  etc 124  190 

I-  of  total  load,  3  000  pounds  per  foot  +  40  000  excess 711  250 

1  781  550 
1  452  pounds  per  square  foot;   10.08   per  square  inch. 
Total,  5  927.2  i^ounds  per  square  foot;  41.16  per  square  inch. 

Pier  5. 

It  is  built  on  a  caisson  sunk  to  bed  rock.  The  caisson  is  similar  to  that 
of  the  other  j^iers,  except  that  the  short  braces  in  the  crib  are  arranged 
differently,  four  being  put  in  one  course  and  three  in  the  next  course 
above,  so  as  to  break  joints. 

No  difficulties  were  encountered  in  sinking  this  caisson. 

The  i^ier  is  similar  in  all  respects  to  Pier  3,  being  one  foot  wider  than 
the  other  piers. 

Began  building  caisson  (1885) July  23d 

Launched  " Sej^tember  5th,  11  a.m. 

Located  "       October  3d,    8    a.m. 


Began  concrete  in  crib. 

"      sinking 

Finished  concrete  in  crib. . 

Began  masonry 

Finished  sinking 

Began  concrete  in  chamber 
Finished 


7th,     P.M. 

8th,    1   P.M. 

13th. 

14th,  9.45  a.m. 

18th,  A.M. 

18th,  1  P.M. 

20th,  4.30  a.m. 


Quantities  and  Weights. 

Solid  contents  of  masonry 478  cubic  yards. 

421.85  cubic  yards  limestone  155  pounds  jDer  foot 1  765  442 

Concrete  in  chamber 91.0 

crib 370.5 

shafts 7.0 


468.5,  135  pounds  per  foot.  1  644  435 

81  306  feet  B.  M.  timber,  at  4^  pounds  per  foot 365  877 

Wrought  and  cast-iron  in  foundation 7  925 

Wrought-iron  in  masonry 871 

244  barrels  cement,  290  pounds 70  760 

348       "      sand,  375  pounds 130  500 

Total 3  985  810 

Less  displacement  at  low-water 1  314  362 


Net (pounds) ....  2  671  183 

Area  of  foundation 702  square  feet. 
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Per  Square  Per  Square 
Foot.  Inch. 

Pressure  on  Foundations  from  Substructure ....   3  805  26 . 4 

"  "         Superstructure...   1339  9.3 

Total (pounds)  5  144  35.7 

Superstructure  is  the  same  as  Pier  3. 

PlEE   6 

Is  built  on  a  caisson  sunk  to  bed-rock.  The  caisson  and  arrangement 
of  braces  in  crib  are  the  same  as  in  No.  5. 

No  difficulty  was  experienced  in  sinking  this  caisson,  which  com- 
pleted the  pneumatic  work  on  the  bridge. 

Owing  to  an  error  in  the  quarry,  the  lirst  footing  course  in  this  pier 
was  duplicated  and  the  contractors  were  allowed  to  use  it,  thus  making 
the  first  footing  4  feet  high,  and  the  second  2  feet.  The  pier  is,  in  other 
respects,  similar  to  Pier  2. 

Began  building  caisson  (1885) September  5th,  4  p.m. 

Launched  caisson October  15th,  1.30  p.h. 

Located  caisson October  16th,  11  A..\r. 

Began  concrete  in  crib October  20th,  10.45  a.m. 

"      sinking October  21st,  9.30  a.m. 

Finished  concrete  in  crib October  26th 

Began  masonry October  27th,  8. 10  a.  m. 

Finished  sinking October  31st 

Began  concrete  in  chamber October  31st,  11.10  a.m. 

Finished  concrete  in  chamber November  1st,  11.15  p.m. 

"       masonry November  21st,  1.15  p.m. 

QlJA>?TITI£S  AND  WEIGHTS. 

Total  contents  of  masonry 442.2  cubic  yards. 

375.2  cubic  yards  limestone,  155  i^ouuds  i^er  foot 1  570  212 

Concrete  iu  chamber.   91.0  cubic vards. 

'*    crib 350.7      "     "  " 

"    shafts...     7.7      " 


449.4.  130  pounds  per  cubic  foot,  1  577  394 

78  959  feet  B.  M.  timber,  4^  pounds  per  foot 355  315 

Wrought  and  cast-iron  in  foundations 7  651 

Wrought-iron  in  masonry 851 

250  ban-els  cement,  290  pounds 72  500 

355i  barrels  sand,  375  pounds 133  312 

Total 3  717  235 

Less  displacement  at  low  water 1  297  754 


Net 2  419  481 

Area  of  foundation 702  square  feet 

Pressure  on  foundations.  3  446.5  per  square  foot,  23.9  per  square 
inch  from  substructure. 
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Superstructure : 

162  feet  span,  dead  load,  per  foot,  2  150 348  300 

"        live  load,  per  foot,  3  000  +  40  000 526  000 

252  feet  9  inches  span,  dead  load,  per  foot,  2  536 640,974 

"            "  live  load,  per  foot,  3  000+40  000,  798  250 


2  313  524 

One-half  of  which  goes  to  this  Pier= 1 156  762 

1  648  per  square  foot,  11.44  i^er  square  inch. 

Total (pounds)  5  094 . 5    per  square  foot. 

35 .  34  per  square  inch. 

PiEK   7 

Is  built  on  a  grillage  supi>orted  by  eighty-four  jjiles  driven  to  bed-rock. 

A  crib  22  x  46  outside,  made  of  twelve  courses  of  12  x  12  inch  timber, 
each  course  stei:>ped  in  J -inch  smaller  than  the  course  below,  was  sunk 
to  6  feet  below  low  water  (the  level  of  the  sand  was  low  water).  No 
difficulty  was  encountered  in  the  sinking  (which  was  done  by  means  of 
a  Joliet  pump  8  inches  in  diameter,  and  by  shoveling),  except  a  delay 
from  high  water. 

The  eighty-four  piles  were  driven  in  seven  rows  of  twelve  piles  each, 
2  feet  10  inches  apart,  center  to  center,  in  the  direction  of  the  bridge, 
and  3  feet  6^  inches  apart  at  right  angles  to  the  same.  These  piles  were 
driven  to  refusal,  and  after  being  cut  off  2  feet  below  low  water  mark, 
made  an  average  of  30.1  feet  long. 

The  sjiace  between  the  piles,  from  1^  to  3  feet  deep,  was  then  filled 
with  concrete,  made  1  cement,  2  sand  and  3  broken  stone,  and  the  piles 
capped  in  the  direction  of  the  bridge,  and  the  concrete  brought  up  level 
with  the  top  of  the  caps.  Next  a  grillage  18  x  40  feet  x  12  inches  thick 
was  laid  on  these  caps  and  drift-bolted  at  every  intersection,  and  on  this 
the  masonry  was  commenced,  consisting  of  three  footing  courses  each  2 
feet  high,  with  9-inch  offsets;  on  this  the  neat  work  begins  9  feet  4 
inches  wide  and  22  feet  long  between  shoulders,  with  semicircular  ends, 
and  is  similar  to  Pier  No.  2. 

Began  framing  crib  (1885) August  20th 

Located  crib "       29th 

Began  driving  piles September  26th 

Finished  driving  piles October  4th,  3  p.m. 

Piles  sawed  off October  5th,  5.45  p.m. 

Began  concrete October  6th,  2  r  .>i. 

Finished  concrete  and  began  grillage Octobei-  8th,  10.30  a.m. 

Began  masonry October  9th,  a.m. 

Finished  masonry November  9tb,  noon 
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Quantities  and  Weights. 

Total  contents  of  masonry 385.7  cubic  yards 

Timber  in  crib 29  764  feet  B.  M. 

"      in  grillage 11233      "      " 

Iron  in  crib 360  pounds 

"     in  grillage 1  575 

Piles 2  528  lineal  feet. 

Iron  in  masonry 686  jjounds. 

Concrete 89.2  cubic  yards. 

Excavation  under  water 225      "  " 

336.6  cubic  yards  of  limestone,  155  pounds  per  foot.  . .     1  408  671 

214i  barrels'cement,  290 62  205 

302i       ♦'       sand,  375 113,437 

11  233  feet  B.  M.  timber,  4i  pounds 50  542 

Iron 2  261 

19  488  pounds  or  9. 744  tons  per  pile 1  637  116 

From  superstructure  and  load: 

162  feet  truss,  dead  load,  2  150  pounds  per  foot 348  300 

"       "            live  load,  3  000 -I- 40  000 526  000 

874  300 
=10  408  pounds  or  5.204  tons  per  pile. 
Total,  29  896  pounds  or  14.948  tons  per  pile. 

Peek  8 

Is  built  on  a  grillage  supported  by  eiglity-four  piles  driven  to  bed-rock. 

A  crib  22  x  46  outside,  made  of  twelve  courses  of  12  x  12  inch 
timber,  each  course  being  stepped  in  one-half  inch  smaller  than  the 
course  below  it,  was  sunk  to  6  feet  below  low  water.  No  difficulty  was 
exi^erienced  in  sinking  it,  probably  on  account  of  the  crib  having  a 
batter,  and  the  absence  of  sheet  piling,  which  was  not  the  case  with 
No.  9. 

Sinking  the  crib  was  begun  August  14th,  and  completed  the  19th. 
The  eighty-four  piles  were  driven  iu  seven  rows  of  twelve  each,.  2  feet 
10  inches  apart,  center  to  center,  in  the  direction  of  the  bridge,  and 
3  feet  6^  inches  apart  at  right  angles  to  the  same. 

These  piles  were  driven  to  refusal,  and  after  being  cutoff  2  feet  below 
low  water  mark,  are  an  average  of  27.61  feet  long. 

The  space  between  the  piles,  from  1  Ho  3  feet  deep,  was  then  filled 
with  concrete  made — 1  cement,  2  sand,  and  3  broken  stone;  the  piles 
were  then  capped  in  the  direction  of  the  bridge,  and  the  concrete 
brought  up  level  with  the  top  of  the  caps;  next  a  grillage  18  x  40  feet 
was  laid  on  these  caps,  drift  bolted  at  every  intersection,  and  on  this  the 
masonry  was  commenced,  consisting  of  three  footing  courses,  each  2  feet 
high,  with  9-inch  offsets.  On  this  the  neat  work  begins,  9  feet  4  inches 
wide,  22  feet  between  shoulders,  with  semicircular  ends,  and  is  carried 
up  similar  to  the  other  piers. 
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;an  crib  (1885) July  30tli. 

' '       sinking August  14th. 

Finished  sinking "       19th. 

Began  driving  piles "       20tli. 

Finished  driving  piles "       27th. 

grillage "      30th. 

Began  masonry "       31st. 

Finished  masonry September  30th. 

Total  contents  of  masonry 386.7  cubic  yards. 

Timber  in  crib 29  764     feet  B.  M. 

grillage 11233 

Iron  in  crib 960     pounds. 

"       grillage 1575  " 

Piles 2  319     linear  feet. 

Concrete 93. 7  cubic  yards. 

Iron  in  masonry 843     pounds. 

Excavation  above  water 80     cubic  yards. 

under      "     412 

Weights. 

338.4  cubic  yards  stone,  155  pounds  per  cubic  foot. . .  1  416  204 

201  barrels  cement,  290  pounds  each 58  290 

304       "       sand,       375              "         114  000 

11,233  feet  timber,      4J             "         50  542 

Iron 2  418 

Total 1  641  454 

19  541  pounds  per  pile,  or 9.770  tons. 

Superstructure  same  as  Pier  7, 

10  408  pounds  per  pile,  or 5.204  tons. 

Total,  29  949  pounds,  or 14.974  tons  per  i^ile. 

PiEK  9 

Is  built  on  a  grillage  supported  by  piles  driven  to  rock, 

A  crib  22  x  46  outside,  made  of  twelve  courses  of  12  x  12  pine  timber, 
was  sunk  to  a  depth  of  5  feet  4  inches  below  low  water. 

In  this  crib  eighty-four  piles  were  driven  in  seven  rows  of  twelve 
piles  each,  distant  apart,  center  to  center,  2  feet  10  inches  in  the  direc- 
tion of  the  bridge,  and  3  feet  6J  inches  at  right  angles  to  the  same. 

These  piles  were  cut  off  at  the  level  of  2  feet  below  low  water,  and 
capped  with  12  x  12  pine  in  the  direction  of  the  bridge. 

The  pit  was  then  filled  with  concrete  made — 1  cement,  2  sand,  and 
3  broken  stone,  up  to  the  top  of  the  caps. 

A  solid  floor  of  12  x  12  j)ine  was  then  laid  on  these  caj^s,  18  x  40  feet, 
and  drift  bolted  at  every  intersection,  and  on  this  floor  the  masonry  was 
commenced  (at  low  water  mark). 

After  beginning  the  masonry  the  space  between  the  grillage  and  the 
crib  was  filled  with  concrete. 

The  masonry  consists  of  three  footing  courses,  respectively  2  feet 
3  inches,  2  feet  3  inches  and  2  feet  2  inches,  with  9-inch  ofi"sets.  On 
these  the  neat  work  begins,   9   feet  3  inches  wide,  22  feet  between 
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shoulders,  with  semicircular  ends,   and  similar  in  all  respects  to  the 
other  fixed  piers. 

A  good  deal  of  trouble  was  encountered  in  putting  iu  the  foundation 
of  this  i)ier.  The  sand  being  at  a  level  of  about  12  feet  above  low 
water,  the  work  of  excavating  the  pit  down  to  water  level  was  begun 
Ajn-il  18th,  and  had  to  be  stopped  April  22d,  on  account  of  high  water. 

Nothing  more  was  done  until  June  6th,  when  excavation  was  again 
started,  and  the  coffer  dam,  or  crib,  put  in  place  on  the  12th. 

A  row  of  close  i^iles,  3  x  12,  was  then  driven  around  the  crib,  about 
onp  foot  from  it,  for  the  i>urpose  of  preventing  the  sand  from  running 
in.  These  piles  w^ere  all  driven  on  the  17th,  and  on  the  27th  the  work 
was  again  stopped  by  high  water,  and  resumed  on  July  2d,  when  an 
additional  row  of  close  piles,  6  x  12,  was  begun  around  the  crib.  The 
work  was  again  stopped  July  5th  by  high  water,  and  nothing  done  until 
July  2 1st,  when  (the  water  baing  low  enough)  the  sheet  piling  was  com- 
pleted, and  the  work  of  sinking  resumed  on  the  23J. 

On  August  1st,  the  bottom  of  the  crib  being  then  .5  feet  ■!  inches  be- 
low low  water,  the  pump  used  (a  6-inch  Bash  pumj^)  broke  down,  and 
to  save  time  it  was  decided  not  to  sink  the  crib  any  further,  as  it  only 
had  8  inches  more  to  sink  to  comply  with  the  specifications. 

August  2d  driving  piles  began,  and  was  completed  August  10th.  The 
piles  were  driven  to  refusal,  and  the  average  length,  after  cutting  off,  is 
26.31  feet. 

The  rock  varied  in  height  about  2  feet. 

In  sinking  the  crib  the  sand  was  removed  by  shovels  and  hoisting; 
the  pump  being  used  to  keep  the  water  down. 

Subsequent  experience  on  Pier  8  would  lead  to  the  belief  that  this 
crib  could  have  been  sunk  in  half  the  time  had  no  sheet  pilen  been 
driven,  and  the  crib  built  with  a  cutting  edge  and  battered  sides. 


m  excavating  pit  (1885) April  18th. 

Stopped  by  high  water *'     22d. 

Began  again June    6th. 

"      crib "     12th. 

"      sheet  piling  (3  inches) "     loth. 

Finished         "  "     17th. 

Stopped  by  high  water "     27th. 

Began  sheet  piling  (6  inches) July    2d. 

Stopped  by  high  water "       5th 

Began  again  (sheet  piles) "    21st. 

Resumed  sinking  crib "     23d. 

Finished  sinking  crib August     1st. 

Began  driving  jiiles "  2d. 

Finished  driving  jsiles "       10th. 

Began  cutting  off  piles "       10th. 

Grillage  finished "       13th. 

Began  masonry "       11th. 

Finished  masonry "       29th. 

Total  contents  of  masonry 378.5  cubic  yards. 
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Timber  in  crib 29  764  feet  B.  M. 

"         grillage 11233 

Iron  in  crib 960    i^ounds. 

"     grillage 1  575           " 

Iron  in  masonry 636           " 

Piles 2  210  lineal  feet. 

Iron  in  masonry 636    pounds. 

Concrete '. 136  cubicyards. 

Excavation  above  water 200          ' ' 

under     "     480           " 

Quantities  and  Weights. 

803.2    cubic  yards  stone,  155  pounds  per  foot 1  268  892 

197i  barrels  cement,  290  pounds  eacla ...        57  200 

277i  barrels  sand,  375  pounds  each 103  969 

11  233    feet  B.  M.  timber,  4^  pounds 50  544 

Iron 2  211 


Total 1  482  816 

=  17  652  pounds,  or  8.826  tons  per  pile. 
Superstructure  same  as  in  Pier  8. 

10  408  pounds,  or  5.204  tons  per  pile. 

Total 28  060  pounds,  or  14.030  tons  per  pile. 

PiEE  10  OK  SorTH  Abutment 

Is  built  on  a  concrete  foundation.  The  level  of  the  ground  at  the  pier 
was  at  an  average  elevation  of  397. 

A  pit  was  excavated  15  x  31  at  bottom,  and  4  feet  in  height  of  con- 
crete placed  on  it;  the  bottom  being  at  an  elevation  of  376.17,  and  on 
this  the  masonry  was  commenced  May  21st,  8.35  a.m. 

The  masonry  consists  of  three  footing  courses,  each  2  feet,  with  9- 
inch  offsets,  and  on  these  the  masonry  begins,  24  feet  x  8  feet  1  inch,  and 
is  carried  up  plumb  on  back  and  ends,  and  with  a  batter  of  2  inches  per 
foot  on  face  to  the  under  side  of  the  coping;  finished  24  feet  x  5  feet  9 
inches. 

The  coping  is  16  inches  thick  and  25  feet  x  6  feet  3  inches. 

The  ballast  wall  is  24  feet  x  2  feet  6  inches,  and  5  feet  4  inches  high. 

All  the  masonry,  except  coping  and  ballast  wall,  which  are  of  Eureka 
Springs  limestone,  is  of  sand-stone  from  a  quarry  near  Mouutainburg, 
Arkansas. 

Began  pit  (1885) , . May    9th. 

Finished  pit *'      16th. 

Began  concrete "     18th. 

Finished  concrete "     20th. 

Began  masonry "     21st,  8.35  a.  m.  * 

Finished  masonry June   9tb. 

Total  contents  of  masonry 173.4  cubic  yards. 

*  First  stone  of  bridge. 
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68.8  cubic  yards  concrete,  130  pounds  per  foot 241  488 

112     barrels  cement  and  124  barrels  sand,  viz. : 

100     barrels  mixed  1  to  1,  and  12  barrels  mixed  2  to  1 . . . 

19.6  cubic  yards  limestone,  155  pounds  per  foot 82  026 

136.8          "'          sandstone,  139        "           "        513  410 

66     ban-els  cement,  290  pounds  each 19  140 

114           "      sand,      375               "          42  750 


Total 898  814 

Area  of  foundation 465  square  feet. 

Pressure  from  substructure: 

1  933  pounds  'per  square  foot 13.4  pounds  per  square  inch. 

Superstriicture : 

162-foot  truss — total  dead  and  live  load,  874  300,  half  of  -which  goes 
to  abutment — 940  pounds  per  square  foot,  or  6.52  pounds  per 
square  inch. 

Total.  . .  .2  873  pounds  per  square  foot,  or  19.92  per  square  inch. 

Ce51ENT. 

The  cement  used  was  all  from  the  Western  Cement  Association  of 
liouisville,  Ky.,  and  with  the  exception  of  two  car  loads  was  the  "Speed 
3Iills"  brand.  Two  car  loads  were  obtained  put  up  in  j^aper  sacks  con- 
taining about  one  bushel  each.  As  this  cement  seemed  of  poor  quality, 
and  did  not  come  up  to  the  specifications,  not  having  the  maker's  name 
on  it,  no  more  was  used. 

The  specifications  were  that  the  cement  should  be  capable  of  stand- 
ing a  tensile  strain  of  40  pounds  per  square  inch  when  mixed  pure, 
exposed  for  thirty  minutes  in  air  and  twenty-four  hours  under  water. 

Of  5  000  barrels  tested,  only  twenty-eight  failed  to  stand  this  test  and 
were  accordingly  rejected. 

The  average  tensile  strength  of  the  5  000  tested  was  88. 6  poiinds  per 
square  inch. 

Tests  were  made  by  mixing  the  cement  with  as  little  water  as  possible 
while  making  it  a  coherent  mass.  Of  this  a  briquette  was  moulded  and 
exposed  thirty  minutes  in  air  and  twenty-four  hours  under  water,  after 
which  it  was  broken  in  a  Fairbanks  testing  machine,  which  was  auto- 
matic in  its  action . 

For  experiment,  some  other  tests  of  this  cement  were  made,  with  the 
following  results  : 

Mixed  as  above  and  exj^osed  seven  days  under  water,  1  800  barrels 
averaged  120. 6  pounds. 

Also  a  number  of  briquettes  were  kept  for  a  longer  period  and  tested 
with  the  following  results  : 

70  days  under  water 250  pounds. 

100   "    "    «'  445 

107   "    "    "  635  " 

122   "    "    "  437 

160   "    "    "  342   " 
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Two  different  lots  of  about  twelve  briquettes  each  were  mixed  1 
cement  to  2  sand,  and  after  twenty-four  hours  under  water  showed  a. 
strength  of  12.2  and  15  pounds  resi^ectively. 

A  lot  mixed  1  cement  to  1  sand  after  twenty-four  hours  under  water 
showed  a  strength  of  42  pounds. 

A  lot  mixed  1  cement  to  3  sand  after  twenty-four  hours  under  water 
showed  a  strength  of  10  pounds. 

Also  a  lot  mixed  1  cement  to  2  sand  and  exjjosed  seven  days  under 
water  showed  a  strength  of  20.4  pounds. 

On  adding  up  the  various  amounts  used  in  the  work,  and  adding 
what  was  left  over,  and  what  was  known  to  be  wasted,  only  eight  barrels 
are  unaccounted  for. 

A  total  of  5  892  barrels  was  used  in  the  work,  which  was  distributed 
as  below  : 


Working  Chambers. 
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12 
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2 

103 

138 

1.34 

144 

195 

1.35 

14.2 

21 

1.48 

3 

91 

93 

1.02 

334.4 

297 

0.89 

2.7 

n 

0.9 

4 

198.4 

198 

1.0 

710 

725 

1.02 

11.6 

17 

1.40 

5 

91 

90 

0.99 

370.5 

370i 

1.0 

7 

Gi 

0.92 

6 

91 

95  i 

1.05 

350.7 

331 

0.94 

8 

5 

0.62 

7 

no  cliamber 

.... 

89.2 

140 

1.57 

8     ! 

11         i> 

93.7 

147 

1.56 

9 

"         " 

136 

159i 

1.16 

10    1 

" 

68.8 

112 

1.63 

1 
Total... 

1 

612.7           7191 

1.12 

2,363.6 

2,540 

1.07 

55.4 

04 

1.15 

Pl.\nt  Used. 

By  "William  Sooysmith   A:  Son,  Contractors  for  Substructure  : 

Barge  for  pressure  machinery 22  x  56,  3  feet  deep. 

"         concrete  mixer 20  x  50,  3 


stone,  sand,  etc. 1 

1 

"  2 

"  1 

derrick 1 

coal 1 


16  X  50,  3 
18  X  50,  3 
16  X  44,  2i 
12  X  48,  2i 
20  X  30,  2 
10  X  30,  2 


Pressure  machinery  consisted  of  one  double  and  one  single  Ingersoll 
Air  Comjiressor  with  one  50  and  one  60  horse-power  boiler.  On  same 
boat  was  a  double  Worthington  pump  for  jet. 

1  double  engine  to  run  concrete  mixer. 

1  hoisting  engine  on  derrick  barge,  and 

1  Foster  rock  crusher  and  engine. 
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By  Masonry  Department,  Union  Bridge  Company  : 

2  barges  26  x  55,   4  feet  deep,  each  with  derrick  and  hoisting 

engine,  for  handling  stone. 

3  barges  20  x  50,  3  feet  deep,  for  sand  and  cement. 

4  derricks  in  stone  yard  worked  by  2  hoisting  engines. 
By  Union  Bridge  Company,  for  foundations  and  erecting  : 

1  barge  22  x  55,  3  feet  deep,  for  pile  driver  and  jet  pump. 

1  '•     22  X  50,  3         "  timber,  etc. 

2  small  coal  barges. 
A  number  of  skifl's. 

1  large  hoisting  engine  for  land  pile  driver. 

1  hoisting  engine  (detached),  with  horizontal  boiler  on  boat  for 

pile  driver  and  Cameron  pump. 

2  hoisting  engines. 

1  9-inch  Joliet  pump. 
1  6-inch  Bush  pump. 

1  double  Cameron  force  pump  (on  pile  driver  boat). 

3  pile  drivers  (land),  one  with  4  700-pouud  hammer. 

2  derricks  for  unloading  and  1  (on  trestle)  for  loading  iron. 

FiNAii  Estimate  for  Sinking  Caissons. 

Original  Actual  Difference 

Elevation.        Elevation.  —-  or  — . 

Fieri 350  351.15  +1.15 

'«     2 342  338.47  —3.53 

"     3 332  330.23  —1.77 

«'    4 330  329.86  —0.14 

"     5 328  331.24  +3.24 

««     6 330  330.90  +0.90 

Difference  in  favor  of  Union  Bridge  Companv  in 

Piers  1,  2,  3,  5  and  6,  0 .  01  foot  at  S400  per  foot,     $  4  00 
Pier  4,  0. 14  feet  at  S600  per  foot 84  00 

^88  GO 
Tkiangulation  and  Location  of  Piers. 

A  base  line  was  measured  on  the  south  bank  of  the  river,  both  up 
and  down  stream  from  axis  of  bridge,  and  a  series  of  triangles  made  to 
a  point  on  the  north  bank.  When  the  distance  had  been  determined  as 
closely  as  was  possible  (instrument  reading  to  20  seconds)  by  doubling 
and  trebling  the  aiigles,  the  distance  from  the  base  line  to  Pier  10  was 
laid  off  on  each  base  line,  and  from  those  points  the  several  distances  of 
the  piers  were  carefuUy  measured  out  both  up  and  down  stream,  and 
points  set.  At  these  points  angles  of  45  degrees  were  turned  and  refer- 
ence points  put  in  on  north  bank  of  river,  so  that  in  locating  a  pier 
three  lines  were  available  as  a  check  on  each  other,  viz.,  the  center  line 
and  two  lines  at  an  angle  of  45  degrees  to  it. 

It  was  found  in  locating  the  piers  that  these  lines  agreed  very  closely 
(within  i  inch),  except  on  Pier  2,  where  there  was  a  difference  of  3 A 
inches.      This  was  then  checked  bv  a  wire  from  Pier  1,  and  the  line 
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■which  agreed  most  nearly  with  the  wire  used  as  correct.  Ou  the 
pier  beiug  finished  and  the  false  work  erected  this  distance  was  found 
exact. 

The  caissons  were  located  by  first  locating  the  pile-driver  boat,  and 
driving  two  piles  at  each  corner  of  the  i^lace  where  the  caisson  should 
be,  and  4  feet  distant  from  the  caisson.  When  the  caisson  was  floated 
into  position  it  was  moored  to  these  piles,  and  the  center  line  being 
marked  on  it,  was  brought  into  exact  position,  as  defined,  by  three 
transits  on  shore;  one  on  the  axis  of  the  bridge  and  the  other  two  on 
reference  points  lap  and  down  stream.  Afterwards,  during  sinking  and 
building  masonry,  onlv  one  base  line  was  used  until  the  masonry  was 
finished,  when  the  center  for  the  span  was  given  by  three  transits,  as  at 
first. 

In  measuring  the  base  line  a  steel  wire  made  for  the  purpose  and 
300  feet  long  was  used.  First  a  length  of  300  feet  was  measured  very 
carefully  and  repeatedly  with  a  standard  50-foot  steel  tape,  and  the  300- 
foot  wire  stretched  over  this  distanca  with  a  spring  balance  at  the  end; 
the  amount  of  pull  required  to  make  the  300  feet  being  noted  and  after- 
wards used  in  measuring  the  base  lines. 

In  jjile  foundation  concrete  is  around  heads  of  jjiles  and  in  grillage. 

Pile  foundation,  1  cement,  2  sand,  3  stone Pier     7 

"     "       8 

( i  ((  it  a  an 

100  barrels  (in  sacks),  mixed  1  to  1;  rest,  2  to  1 "     10 


Cement  in  Masonry. 


Pier. 

Total  Yards. 

Barrels 
Cement. 

Barrels  per 
Cubic  Yard. 

1 

379.8 

436.2 

491 

987.4 

471 

434.2 

385.7 

386.7 

378.5 

173.4 

222 
2301 
.    264i 
678.4 
244" 
250 
214i 
201" 
197j 
66 

0.58 

0 

0.54 

3 

0.54 

4 

0.70 

5 

0.51 

6 

0.57 

7 

0.55 

8 

0.52 

9 

0.57 

10 

0.36 

4,523.9 

2,568^ 

0.57 

Beds  and  joints  of  masonry  laid  in  mortar  made  of  1  cement  to  2. 
sand;  gi-out  mixed  1  to  1. 
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SPECIFICATIONS  FOR   SUPEKSTRUCTUKE. 

General  Description. — The  Bridge  shall  consist  of  one  draw  or  pivot 
span  of  370  feet  from  centers  of  piers  supi^orting  the  adjoining  fixed 
spans,  three  fixed  spans  of  256  feet  each  from  center  to  center  of  i^iers 
and  four  fixed  spans  of  165  feet  each  from  center  to  center  of  piers.  The 
spans  shall  be  arranged  as  directed  by  the  Chief  Engineer  of  the  St. 
Lotiis  and  San  Francisco  Railway,  and  shall  be  designed  to  permit  floor- 
ing over  the  cross-ties  to  fit  it  for  a  highway  as  well  as  a  railway  bridge- 
The  stringers  to  support  the  track  and  proposed  floor  shall  be  arranged 
ai^proximately  as  below,  there  being  four  lines  of  main  track  stringers 
and  suitable  supports  riveted  to  the  floor-beams  for  two  lines  of  auxil- 
iary stringers. 


The  draw  or  jjivot  span  shall  be  constructed  on  latest  and  most 
approved  designs.  The  turn-table  shall  be  rim-bearing.  All  cast-iron 
surfaces  of  beams,  rim.  and  track  shall  be  i^laned.  The  circular  girder 
will  be  of  wrought-iron,  27  feet  in  diameter.  Wheels  shall  be  at  least  18 
inches  in  diameter  and  8  inches  tread,  and  turned  to  uniform  size  and 
made  of  the  best  car-wheel  iron.  The  turning  gear,  elevating  screws  and 
connecting  shafting  shall  be  of  the  best  class  of  finished  machine  work. 
The  latches  shall  be  of  the  usual  character,  and,  as  well  as  the  elevating- 
screws,  will  be  worked  from  the  pivot  pier.  Hand  power  will  be  used  to 
work  the  machinery  and  suitable  gearing  shall  be  provided. 

Open-hearth  steel  of  quality  and  strength  as  hereinafter  specified 
may  be  used  in  the  top  and  bottom  chords,  end  posts,  main  ties  and  pins 
of  the  three  256-foot  spans,  and  the  draw  span.  The  allowable  strains 
per  square  inch  for  steel  so  used  shall  be : 

1.  In  compression — 50  per  cent,  above  strain  allowed  for  wrought-iron. 
In  tension — 40  per  cent,  above  strain  allowed  for  wrought  iron. 

In  shearing — 30  p?r  cent,  above  strain  allowed  for  wrought-iron. 

2.  In  calculating  strains,  the  length  of  span  shall  be  understood  to  be 
the  distance  between  centers  of  end  pins  for  trusses,  and  between  cen- 
ters of  bearing  plates  for  all  beams  and  girders. 

3.  There  shall  be  a  clear  head-room  of  20  feet  above  the  base  of  the 
rails,  and  clear  width  of  18  feet. 

4.  The  wooden  floor  will  consist  of  transverse  floor  timbers,  extend- 
ing the  full  width  of  the  bridge,  supporting  the  rails  and  guard  beams. 
Their  scantling  will  vary  with  circumstances.  They  will  be  furnished 
and  put  oa  by  the  Eailroad  Company. 

5.  Spans  shall  be  i^roportioned  to  carry  the  following  loads: 
First. — The  weight  of  iron  or  steel  in  the  structure. 


Head-room. 


Floor. 


Dead  load. 
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Second. — A  floor  -weighing  950  pounds  jier  lineal  foot  of  track,  to 

consist  of  the  rails,  ties  and  guard  timbers  only. 
These  two  items,  taken  together,  shall  constitute  the  "  dead  load." 
Live  loads.  The  live  load  shall  be  as  follows: 

For  chord  strains  of  trusses — 3  000  pounds  per  lineal  foot  of 

bridge. 
For  web  strains  of  trusses — 5  000  pounds  per  lineal  foot  for  a 

length  of  20  feet  and  3  000  pounds  per  lineal  foot  on  remain- 
der of  span. 
For  auxiliary  stringers— 800  pounds  joer  lineal  foot. 
For  main  track  stringers — (16-foot  panel)  6  400  pounds  per  lineal 

foot. 
For  main  track  stringers — (18-foot  panel)  6  300  pounds  per  lineal 

foot. 
For  main  track  stringers — (20-foot  panel)  6  200  pounds  per  lineal 

foot. 
For  main  track  stringers^ — (22-foot  j^anel)  6  100  pounds  per  lineal 

foot. 
For  main  track  stringers — (24-foot  panel)  6  000  pounds  i^er  lineal 

foot. 
For  floor-beams — (16-foot  panel)    96  000  pounds,    distributed   at 

AAAA  on  diagram. 
For  floor-beams — (18-foot  panel)   102  000  jjouuds,  distributed  at 

AAAA  on  diagram. 
For  floor-beams— (20  foot  panel)  108  000  pounds,  distributed  at 

AAAA  on  diagram. 
For  floor-beams — (22-foot  panel)   114  OCO  pounds,  distributed  at 

AAAA  on  diagram. 
For  floor-beams — (24-foot  panel)  120  000  pounds,  distributed  at 

AAAA  on  diagram, 
stresses.  The  maximum  strains  due  to  all  i^ositions  of  the  above    "live 

load,"  and  of  the  "dead  load,"  shall  be  taken  to  i^roportion 

all  the  parts  of  the  structure. 


Lateral  6.  To  provide  forwaud  strains  and  vibrations,  the  top  lateral  bracing 

stresses.  ^^  ^-^^^j^  bridges,  and  the  bottom  lateral  bracing  in  through  bridges, 
shall  be  proportioned  to  resist  a  lateral  force  of  500  pounds  for  each  foot 
of  the  span;  300  pounds  of  this  to  be  treated  as  a  moving  load. 

The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral  bracing 
in  through  bridges,  shall  be  proportioned  to  resist  a  lateral  force  of  200 
pounds  for  each  foot  of  the  span. 
Temperature.        7,  Variations  in  temperature,  to  the  extent  of  150  degrees,  shall  be 
provided  for. 

8.  All  parts  shall  be  so  designed  that  the  strains  coming  upon  them 
can  be  accuratelv  calculated. 
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9.  Strain  sheets  and  a  general  plan,  showing  the  dimensions  of  the      pians  and 
parts  and  general  details,  must  accompany  each  proj^osal.  strain  Sheets. 

10.  Upon  the  acceptance  of  a  proposal,  a  full  set  of  working  draw- 
ings must  be  submitted  for  approval  by  the  Chief  Engineer  of  the  Rail- 
road Company,  before  the  work  is  commenced. 

11.  Unless  otherwise  specified,  the  form  of  truss  may  be  selected  by  Form  of  Truss, 
the  builder;  but  to  secure  uniformity  in  api)earance,  it  is  desired  that 

all  "through  "  trusses  shall  be  built  with  inclined  end-posts. 

12.  In  comparing  competitive  plans,  the  relative  cost  of  the  wooden 
floors  required  will  be  taken  into  consideration. 

13.  The  following  clauses  are  all  intended  to  apply  to  iron  construc- 
tion. Parties  proposing  to  substitute  steel  for  particular  i>arts  will  be 
required  to  furnish  evidence  of  its  strength,  elasticity,  uniformity  iu 
l^roductiou  and  adaptability  to  the  intended  puri^ose. 

Proportion  of  Parts. 

1.  All  jjarts  of  the  structure  shall  be  so  proportioned  that  the  maxi-  TensQe  Strains, 
inum  strains  produced  shall  in  no  case  cause  a  greater  tension  than  the 
following: 

Pounds  per 
Square  Inch. 

On  lateral  bracing 15  000 

"  solid  rolled  beams,  used  as  cross  floor-beams  and  stringers.  10  000 

"  bottom  chords  and  main  diagonals 10  000 

"  counter  rods  and  long  verticals 8  000 

"  bo.tom  flange  of  riveted  cross-girders,  net  section 8  000 

*'  bottom  flange  of  riveted  longitudinal  i>late  girders  over  20 

feet  long,  net  section 8  000 

*'  bottom  flange  of  riveted  longitudinal  plate  girders  under 

20  feet  long,  net  section 7  000 

"  floor-beam  hangers,  and  other  similar  membe:s  liable  to 

sudden  loading 6  000 

2.  Compression  members  shall  be  so  proportioned  that  the  maximum    Compressive 
load  shall  in  no  case  cause  a  greater  strain  than  that  determined  by  the 
following  formulas: 

8  000 
P  =  j^  for  square  end  compression  members. 

^  "'"  40  000  ii- 

8  000 
P  —  X-  for  compression  members  with  one  pin  and  one 

^  +  30  000  E'       '1^^''^  ^^•^^• 

8  000 
P  =  Zj-  foi^  compression  members  with  pin  bearings. 

^  '^  20  000  R^ 
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Shearing 

Strains. 


Bending 
Strains. 


Plate 
Girders. 


P  =  the  allowed  compressiou  per  square  inch  of  cross-section. 

L  =  the  length  of  compression  member  in  inches. 

R  =  the  least  radius  of  gyration  of  the  section  in  inches. 

3.  The  lateral  struts  shall  be  proportioned  by  the  above  formulas  to 
resist  the  resultant  due  to  an  assumed  initial  strain  of  10  000  pounds 
per  square  inch  upon  all  the  rods  attaching  to  them,  produced  by  ad- 
justing the  bridge. 

4.  In  beams  and  girders,  compression  shall  be  limited  as  follows: 

Pounds  per 
Square  lucli. 

In  rolled  beams,  used  as  cross  floor-beams  and  stringers 10  000 

"  riveted  plate  girders,  used  as  floor  beams,  gross  section 6  000 

"         "      longitudinal  plate  girders  over  20  feet  long,  gross 

section. 6  000 

"  riveted  longitudinal  plate  girders  under  20  feet  long,  gross 

section 5  000 

5.  Members  subjected  to  alternate  strains  of  tension  and  compression 
shall  be  proportioned  to  resist  each  of  them.  The  strains,  however^ 
shall  be  assumed  to  be  increased  by  an  amount  equal  to  -ro  of  the  least 
strain. 

6.  The  rivets  and  bolts  connecting  all  parts  of  the  girders  must 
be  so  spaced  that  the  shearing  strain  per  square  inch  shall  not  exceed 
6  000  i^ounds,  nor  the  pressure  upon  the  bearing  surface  exceed 
12  000  pounds  per  square  inch  of  the  projected  semi-intrados  (diameter 
X  thickness  of  piece)  of  the  rivet  or  bolt  hole. 

7.  Pins  shall  be  so  iDvoportioned  that  the  shearing  strain  shall  not 
exceed  7  500  pounds  per  square  inch;  nor  the  crushing  strain  upon  the- 
projected  area  of  the  semi-intrados  (diameter  x  thickness  of  piece)  of 
any  member  connected  to  the  pin  ba  greater  than  12  000  pounds  per 
square  inch;  nor  the  bending  strain  exceed  15  000  pounds  per  square 
inch,  when  the  centers  of  bearings  of  the  strained  members  are  taken  a& 
the  points  of  application  of  the  strains. 

8.  In  case  any  member  is  subjected  to  a  bending  strain  from  local 
loadings  (such  as  distributing  floors  on  deck  bridges),  in  addition  to  the 
strain  produced  by  its  jDOsition  as  a  member  of  the  structure,  it  must  be- 
proiJortioned  to  resist  the  combined  strains. 

9.  Plate  girders  shall  be  proportioned  upon  the  supposition  that  the 
bending  or  chord  strains  are  resisted  entirely  by  the  upper  and  lower 
flanges;  and  that  the  shearing  or  web  strains  are  resisted  entirely  by  the 
web-plate. 

10.  The  compression  flanges  of  beams  and  girders  shall  be  stayed 
against  transverse  crippling,  when  their  length  is  more  than  thirty  times, 
their  width. 

11.  The  unsujoported  width  of  any  plate  subjected  to  compression 
shall  never  exceed  thirty  times  its  thickness. 
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12.  In  members  subject  to  tensile  strains,  full  allowance  shall  be 
marie  for  reduction  of  section  by  rivet-boles,  screw-tLreads,  etc. 

13.  The  iron  in  the  web-plites  shall  not  have  a  shearing  strain  greater 
than  4  000  p  ninds  per  square  inch,  and  no  web-plate  shall  be  less  than 
i  inch  in  thickness. 

14.  No  wrought  iron  shall  be  used  less  than  tV  iii<'li  thick,  except  in 
places  where  both  sides  are  always  accessible  for  cleaning  and  painting. 

Details  of  Construction. 

1.  All  the  connections  and  details  of  the  several  parts  of  the  structure 
shall  be  of  such  strength  that  upon  testing,  rupture  shall  occur  in  the 
body  of  the  members  rather  than  in  any  of  their  details  or  connec- 
tions. 

2.  Preference  will  be  had  for  such  details  as  will  be  most  acces- 
sible for  inspection,  cleaning  and  painting. 

3.  The  web  of  plate  girders  must  be  spliced  at  all  joints  by  a  plate 
on  each  side  of  the  web.     T-iron  must  not  be  used  for  splices. 

•i.  When  the  least  thickness  of  the  web  is  less  than  -nr  of  the  depth 
of  a  girder,  the  web  shall  be  stiifened  at  intervals  not  over  twice  the 
depth  of  the  girder. 

5.  The  pitch  of  rivets  in  all  classes  of  work  shall  never  exceed  6 
inches,  nor  sixteen  time?  the  thinnest  outside  plate,  nor  be  less  than 
three  diameters  of  the  rivet. 

6.  The  rivets  used  will  generally  be  f  and  i  inch  diameter. 

7.  The  distance  between  the  edge  of  any  piece  and  the  center  of  a 
rivet-hole  must  never  be  less  than  li  inches,  except  for  bars  less  than  2^ 
inches  wide;  when  practicable  it  shall  be  at  least  two  diameters  of  the 
rivet. 

8.  When  i^lates  more  than  12  inches  wide  are  used  in  the  flanges  of 
plate  or  lattice  girders,  an  extra  line  of  rivets,  with  a  pitch  of  not  over  9 
inches,  shall  be  driven  along  each  edge  to  draw  the  plates  together,  and. 
prevent  the  entrance  of  water. 

9.  In  punching  plate  or  other  iron,  the  diameter  of  the  die  shall  in 
no  case  exceed  the  diameter  of  the  punch  by  more  than  -ru-  of  an  inch. 

10.  All  rivet-holes  must  be  so  accurately  punched  that  when  the 
several  parts  forming  one  member  are  assembled  together,  a  rivet  -ru  inch 
less  in  diameter  than  the  hole  can  be  entered,  hot,  into  any  hole,  without 
reaming  or  straining  the  iron  by  "  drifts." 

11.  The  rivets,  when  driven,  must  completely  fill  the  holes. 

12.  The  rivet  heads  must  be  hemisi^herical,  and  of  a  uniform  size  for 
the  same  sized  rivets  throughout  the  work.  They  must  be  full  and. 
neatly  made,  and  be  concentric  to  the  rivet-hole. 

13.  Whenever  possible,  all  rivets  must  be  machine  driven. 

14.  The  several  pieces  forming  one  built  member  must  fit  closely  to- 
gether, and  w^hen  riveted  shall  be  free  from  twists,  bends  or  open  joints. 
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Lower  Chords 


15.  All  joints  in  riveted  work,  whether  in  tension  or  compression 
members,  must  be  fully  spliced,  as  no  reliance  will  be  placed  upon  abut- 
ting joints.  The  ends,  however,  must  be  dressed  straight  and  true,  so 
that  there  shall  be  no  open  joints. 

16.  The  heads  of  eye-bars  shall  be  so  projjortioned  that  the  bar  will 
*^     Bars.^*'°'^  break  in  the  body  instead  of  in  the  eye.     The  form  of  the  head  and  the 

mode  of  manufacture  shall  be  subject  to  the  approval  of  the  chief  engi- 
neer of  the  railroad  company. 

17.  The  bars  must  be  free  from  flaws,  and  of  full  thickness  in  the 
necks.  They  shall  be  perfectly  straight  before  boring.  The  holes  shall 
be  in  the  center  of  the  head  and  on  the  center  line  of  the  bar. 

18.  The  bars  must  be  bored  of  exact  length,  and  the  pin  hole  -^-q  inch 
larger  than  the  diameter  of  the  jiin. 

19.  The  lower  chord  shall  be  packed  as  narrow  as  jDossible. 

20.  The  pins  shall  be  turned  straight  and  smooth,  and  shall  fit  the 
pin  holes  within  jV  of  an  inch. 

21.  The  diameter  of  the  pin  shall  not  be  less  than  two-thirds  the 
largest  dimension  of  any  tension  member  attached  to  it.  Its  eflfective 
length  shall  not  be  greater  than  the  breadth  of  the  foot  of  the  post,  plus 
four  times  the  diameter  of  the  pin.  The  several  members  attaching  to 
the  pin  shall  be  packed  close  together,  and  all  vacant  spaces  between  the 
chords  and  posts  mixst  be  filled  with  wrought-iron  filling  rings. 

22.  All  rods  and  hangers  with  screw  ends  shall  be  upset  at  the  ends, 
so  that  the  diameter  at  the  bottom  of  the  threads  shall  be  r«  inch  larger 
than  any  part  of  the  body  of  the  bar. 

23.  All  threads  must  be  of  the  United  States  standard,  except  at  the 
ends  of  the  pins. 

24.  Floor  beam  hangers  shall  be  so  i^laced  that  they  can  be  readily  ex- 
amined at  all  times.  When  fitted  with  screw  ends  they  shall  be  provided 
with  check  nuts, 

25.  When  bent  loops  are  used,  they  must  fit  perfectly  around  the  pin 
throughout  its  semi-circumference. 

26.  Compression  members  shall  be  of  wrought-iron  or  open  hearth 
steel  of  appi'oved  forms. 

27.  The  pitch  of  rivets  for  a  length  of  two  diameters  at  the  ends  shall 
not  be  over  four  times  the  diameter  of  the  rivets. 

28.  The  open  sides  of  all  trough-shaped  sections  shall  be  stayed  by 
diagonal  lattice  work,  at  distances  not  exceeding  the  width  of  the  mem  - 
ber.     The  size  of  bars  shall  be  duly  proportioned  to  the  width. 

29.  All  i)in-holes  shall  be  reinforced  by  additional  material  so  as  not 
to  exceed  the  allowed  pressure  on  the  pins.  These  re-in forcing  jjlates 
must  contain  enough  rivets  to  transfer  the  proportion  of  pressure  which 
comes  upon  them. 

30.  Pin-holes  shall  be  bored  exactly  perpendicular  to  a  vertical  plane, 
jpassing  through  the  center  line  of  each  member,  when  jjlaced  in  a 
jjosition  similar  to  that  it  is  to  occupy  in  the  finished  structure. 


Upset  Screw 
Ends. 


Floor  Beam 
Hangers. 


Compression 
Members. 
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Lateral 
Bracing. 


Transverse 
Diagonal 
Bracing. 

Bed  Plates. 


Friction 
Boilers, 


31.  The  ends  of  all  square-ended  members  shall  be  planed  smooth,       Abutting 
and  exactly  square  to  the  center  line  of  strain.  Joints. 

32.  All  members  must  be  free  from  twists  or  bends.  Portions  ex- 
posed to  view  shall  be  neatly  finished. 

33.  The  sections  of  the  top  chord  shall  be  connected  at  the  abutting  Splicing  of  Top 
ends  by  splices  sufficient  to  hold  them  truly  in  jjosition. 

34.  In  no  case  shall  any  late  "al  or  diagonal  rod  have  a  less  area  than 
J  of  a  square  inch. 

35.  The  attachment  of  the  lateral  system  to  the  chords  shall  be 
thoroughly  efficient.  If  connected  to  suspended  floor-beams,  the  latter 
shall  be  stayed  against  all  motion. 

36.  All  through  bridges  with  top  lateral  bracing  shall  have  ■wronght- 
iron  portals,  of  approved  design,  at  each  end  of  the  span,  connected 
rigidly  to  the  end  posts. 

37.  "When  the  height  of  the  trusses  exceeds  25  feet,  overhead  diagonal 
bracing  shall  be  attached  to  each  post  and  to  the  top  lateral  struts. 

38.  All  bed  i^lates  must  be  of  such  dimensions  that  the  greatest 
pressure  upon  the  masonry  shall  not  exceed  250  pounds  jaer  square  inch. 

39.  All  spans  shall  have  at  one  end  nests  of  turned  friction  rollers, 
formed  of  wrought -iron,  running  between  planed  surfaces.  The  rollers 
shall  not  be  less  than  2  inches  diameter,  and  shall  be  so  proportioned 
that  the  jjressure  per  lineal  inch  of  rollers  shall  not  exceed  the  product 
of  the  square  root  of  the  diameter  of  the  roller,  in  inches,  multiplied  by 
500   pounds  (500  -/(7). 

40.  All  spans  shall  be  given  a  camber,  by  making  the  panel  lengths 
of  the  top  chord  longer  than  those  of  the  bottom  chord  in  the  proi^ortion 
of  i  of  an  inch  to  every  ten  feet. 

Quality  of  Ieon. 

1.  All  wrought-iron  must  be  tough,  fibrous  and  uniform  in  char- 
acter. It  shall  have  a  limit  of  elasticity  of  not  less  than  26  000  pounds 
per  sc^uare  inch. 

Finished  bars  must  be  thoroughly  welded  during  the  rolling,  ami 
free  from  injurious  seams,  blisters,  buckles,  cinder  spots  or  imperfect 
edges. 

2.  For  all  tension  members  the  muck  bars  shall  be  rolled  into  flats,  Tension  Tests, 
and  again  cut,  piled  and  rolled  into  finished  sizes.     They  shall  stand  the 
following  tests: 

3.  Full- sized  pieces  of  flat,  round  or  square  iron,  not  over  4?t  inches 
in  sectional  area,  shall  have  an  ultimate  strength  of  50  000  pounds  per 
square  inch,  and  stretch  12^  per  cent,  in  their  whole  length. 

Bars  of  a  larger  sectional  area  than  4^  square  inches,  when  tested  in  the 
usual  way,  will  be  allowed  a  reduction  of  1  000  pounds  per  square  inch 
for  each  additional  square  inch  of  section  down  to  a  minimum  of  46  000 
pounds  per  square  inch. 


Camber. 
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'Tests 


Cast-iron 
Tests, 


4.  When  tested  in  specimens  of  uniform  sectional  area  of  at  least  i 
square  inch  for  a  distance  of  10  inches,  taken  from  tension  members 
which  have  been  rolled  to  a  section  not  more  than  4^  square  inches,  the 
iron  shall  show  an  ultimate  strength  of  52  000  pounds  per  square  inch, 
and  stretch  18  per  cent,  in  a  distance  of  8  inches. 

Specimens  taken  from  bars  of  a  larger  cross-section  than  4^  inches 
will  be  allowed  a  reduction  of  500  pounds  for  each  additional  square  inch 
of  section,  down  to  a  minimum  of  50  000  pounds. 

5.  The  same  sized  specimen  taken  from  angle  and  other  shaped  iron 
shall  have  an  ultimate  strength  of  50  000  pounds  per  square  inch,  and 
elongate  15  per  cent,  in  8  inches. 

6.  The  same  sized  specimen  taken  from  plate  iron  shall  have  an  ulti- 
mate strength  of  48  000  pounds,  and  elongate  15  per  cent,  in  8  inches. 

7.  All  iron  for  tension  members  must  bend  cold  for  about  90  degrees, 
to  a  curve  whose  diameter  is  not  over  twice  the  thickness  of  the  piece, 
without  cracking.  At  least  one  sample  in  three  must  bend  180  degrees  to 
this  curve  without  cracking.  "When  nicked  on  one  side  and  bent  by  a 
blow  from  a  sledge,  the  fracture  must  be  nearly  all  fibrous,  showing  but 
few  crystalline  specks. 

8.  Specimens  from  angle,  plate  and  shaped  iron  must  stand  bending 
cold  through  90  degrees  and  to  a  curve  whose  diameter  is  not  over  three 
times  its  thickness,  without  cracking. 

When  nicked  or  bent,  its  fracture  must  be  mostly  fibrous. 

9.  Eivets  and  pins  shall  be  made  from  the  best  double  refined  iron. 

10.  The  cast  iron  must  be  of  the  best  quality  of  soft  gray  iron. 

11.  All  facilities  for  inspection  of  iron  and  workmanship  shall  be 
furnished  by  the  contractor.  He  shall  furnish  without  charge  such 
sjiecimens  (prepared)  of  the  several  kinds  of  iron  to  be  used  as  may  be 
required  to  determine  their  character. 

12.  Full-sized  parts  of  the  structure  may  be  tested  at  the  option  of 
the  chief  engineer  of  the  railroad  company;  but  if  tested  to  destruction, 
such  material  shall  be  jDaid  for  at  cost,  less  its  scrap  value,  to  the  con- 
tractor, if  it  proves  satisfactory.  If  it  does  not  stand  the  sjiecified  tests 
it  will  be  considered  rejected  material,  and  be  solely  at  the  cost  of  the 
contractor. 

QuAiiiTY  OF  Steel. 

The  steel  shall  be  manufactured  by  the  open-hearth  process;  Bes- 
semer steel  will  not  be  accepted,  unless  satisfactory  to  the  chief  engineer 
of  the  railway  company.  A  small  ingot  shall  be  cast  from  every  charge, 
and  from  this  ingot  a  sample  bar  J  of  an  inch  in  diameter  shall  be  rolled; 
if  this  bar  fails  to  meet  the  requirements  of  the  lalioratory  tests,  the 
whole  charge  shall  be  rejected. 

Steel  used  in  the  compression  members,  bolsters,  bearing  plates,  jjins 
and  rollers  shall  contain  not  less  than  iVo"  t^ov  more  than  -f\nr  of  one  per 
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cent,  of  carbon,  and  less  than  iV  of  one  per  cent,  of  phosphorus.  A 
sample  test  bar,  J  of  an  inch  in  diameter,  shall  bend  180  degrees  around 
its  own  diameter  without  sign  of  crack  or  flaw.  The  same  bar  tested  in 
a  lever  machine  shall  show  an  elastic  limit  of  not  less  than  50  000  pounds 
and  an  ultimate  strength  of  not  less  than  80  000  pounds  per  square  inch; 
it  shall  elongate  at  least  15  per  cent,  in  a  length  of  8  inches  Ijefore  break- 
ing, and  shall  have  a  reduced  area  of  35  per  cent,  at  the  point  of  fracture. 
It  shall  he  incapable  of  tempering. 

Steel  for  rivets  and  eye-bars  shall  contain  not  more  than  ^„^,r  of  one 
2)er  cent,  of  carl)on  and  less  than  -n;  of  one  per  cent,  of  phosphorus.  A 
sample  bar  J  of  an  inch  in  diameter  shall  bend  180  degrees,  and  be  set 
back  upon  itself  without  showing  crack  or  flaw;  when  tested  in  a  lever 
machine  it  shall  have  an  elastic  limit  of  not  less  than  40  000  pounds,  and 
an  ultimate  strength  of  not  less  than  70  000  pounds  per  square  inch;  it 
shall  elongate  at  least  18  per  cent,  in  a  length  of  8  inches,  and  shall  show 
a  reduction  of  at  least  45  per  cent,  at  the  point  of  fi-acture.  In  full  sized 
bars  this  steel  shall  have  an  elastic  limit  of  at  least  35  000  pounds,  and 
an  ultimate  strength  of  at  least  65  000  pounds  per  square  inch;  it  shall 
elongate  10  per  cent,  before  breaking,  and  for  strains  less  than  30  000 
pounds  per  square  inch  shall  show  a  modulus  of  elasticity  between  28  000 
000  and  30  000  000  pounds. 

Facilities  for  testing  the  sample  bars  shall  be  furnished  by  the  con- 
tractor at  a  point  convenient  to  the  steel  works,  and  the  tests  shall  l)e 
made  at  the  expense  of  the  contractor  and  under  the  direction  of  the 
chief  eugineer. 

The  steel  plates  for  the  chords  and  end  posts  shall  be  rolled  in  a 
imiversal  mill. 

Steel  for  pins  shall  not  be  hammered,  but  rolled  between  gothic  rolls. 

The  riveted  steel  work  used  shall  be  punched  with  holes  not  larger 
than  To  of  an  inch  in  diameter;  the  several  parts  of  each  member  shall 
then  be  assembled,  and  the  holes  shall  be  reamed  to  If  of  an  inch  in 
diameter,  at  least  inj  of  an  inch  being  taken  out  all  around ;  the  sharp 
edge  of  the  reamed  hole  shall  be  trimmed  so  as  to  make  a  slight  fillet 
under  the  rivet  head,  and  the  pieces  shall  be  riveted  together  without 
taking  apart;  all  rivets  in  steel  members  shall  be  of  steel;  they  shall  be 
of  such  size  that  they  will  fill  the  hole  before  driving,  and,  whenever 
possible,  shall  be  driven  by  power.  All  bearing  surfaces  shall  be  truly 
faced.  The  chord  pieces  shall  be  fitted  together  in  the  shop,  in  lengths 
of  at  least  five  panels,  and  marked;  when  so  fitted,  there  shall  be  no  per- 
ceptible wind  in  the  length  laid  out.  The  pin-holes  shall  be  bored  truly, 
so  as  to  be  equally  distant,  parallel  with  one  another  and  at  right  angles 
to  the  axis  of  the  member. 

So  far  as  possible,  all  rivets  shall  be  driven  by  power.  The  holes  for 
the  rivets  connecting  the  floor-beams  with  the  posts,  and  wish  the  bolst- 
er^ which  must  be  driven  after  erection,  shall  be  accurately  drilled  to  a 
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templet;  these  holes  shall  be  1  inch  in  diameter,  and  the  rivets  if  of 
an  inch  in  diameter  before  driving.  The  pin-holes  in  the  vertical  post 
shall  be  truly  parallel  with  one  another  and  at  right  angles  to  the  axis  of 
the  post. 

Power  riveters  shall  be  direct  acting  machines  worked  by  steam^ 
hydraulic  pressure  or  compressed  air,  and  capable  of  holding  on  to  the 
rivet  when  the  upsetting  is  completed.  Cam  riveters  will  not  be 
allowed. 

The  heads  of  steel  eye-bars  shall  be  formed  by  upsetting  and  forging- 
into  shape,  or  by  such  other  process  as  may  be  accepted  by  the  engineer; 
no  welds  will  l)e  allowed.  After  the  working  is  comijleted,  the  bars  shall 
be  annealed  by  heating  them  to  a  uniform  dark  red  heat  throughout  their 
entire  length,  and  allowing  them  to  cool  slowly.  Four  sami^le  bars  of 
sizes  required  in  the  work  shall  first  be  manufactured  by  the  contractor, 
and  tested  under  the  direction  of  the  engineer;  these  bars  shall  meet  the 
requirements  above  specified,  and  at  least  three  of  them  shall  break  in 
the  bodv  of  the  bar.  If  the  tests  of  these  four  bars  are  satisfactory,  the 
contractor  shall  proceed  with  the  manufacture  of  the  full  order  of  steel 
bars  for  the  work,  and  from  the  bars  so  manufactured  the  insi^ector 
shall,  from  time  to  time,  select  six  bars  to  be  tested  to  breaking,  which 
bars  shall  also  conform  to  the  requirements  of  the  specifications. 
Should  these  test  bars  fail  to  meet  the  requirements  of  the  specifications, 
the  whole  lot  of  bars  may  be  rejected.  If  required  by  the  chief  engi- 
neer, all  finished  tension  members  of  steel  shall  be  tested  to  a  strain  of 
20  000  pounds  per  square  inch  before  shipment,  and  ail  bars  showing- 
permanent  set  or  other  defect  vinder  this  test  shall  be  rejected. 

WOKKMANSHIP. 

1.  All  workmanship  shall  be  first-class  in  every  particular. 

2.  Abutting  joints  in  the  trusses  shall  be  in  exact  contact  throughout. 

3.  Bars  which  are  to  be  placed  side  by  side  iu  the  structure  shall  be 
bored  at  the  same  temperature,  and  of  such  eqial  length  that,  upon 
being  piled  on  each  other,  the  pins  shall  pass  through  the  holes  at  both 
ends  without  driving. 

4.  Whenever  necessary  for  the  i^rotection  of  the  thread,  provision 
shall  be  made  for  the  use  of  pilot  nuts  in  erection. 

Painting. 

1.  All  work  shall  be  painted  at  the  shop  with  one  good  coat  of 
selected  iron-ore  paint  and  pure  linseed  oil. 

2.  In  riveted  work,  all  surfaces  coming  in  contact  shall  be  painted 
before  being  riveted  together. 

Bed  plates,  the  inside  of  closed  sections,  and  all  parts  of  the  work 
which  will  not  be  accessible  for  painting  after  erection,  shall  have  two 
coats  of  paint. 
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3.  Pins,  bored  pin-holes  and  tixrned  friction  rollers  sliall  be  coated 
with  white  lead  and  tallow  before  being  shipped  from  the  shop. 

4.  After  the  structure  is  erected,  the  iron  work  shall  be  thoroughly 
and  evenly  painted  with  two  additional  coats  of  pain*-,  mixed  with  pure 
linseed  oil,  of  such  color  as  may  be  directed,  the  tension  members  being, 
however,  generally  of  lighter  color  than  the  compression  members. 

Erectiok. 

1.  The  contractor  shall  furnish  all  false  work  and  other  staging  (the 
plan  and  construction  of  which  must  be  approved  by  the  chief  engi- 
neer), and  shall  erect  and  adjust  all  the  iron  work  complete. 

2.  The  contractor  shall  so  conduct  all  his  operations  as  not  to  im- 
pede the  running  of  the  trains,  or  the  operations  of  the  road. 

3.  The  contractor  shall  assume  all  risks  of  accidents  to  men  or 
material  during  the  manufacture  and  erection  of  the  bridge. 

4.  The  river  shall  be  kept  free  for  navigation  during  the  construction 
and  erection  of  the  bridge,  and  on  completion  all  temporary  work  shall 
be  removed,  leaving  the  river  entirely  unobstructed  except  by  actual 
space  occupied  by  the  masonry. 


Specifications  for  the  Substructure. 

The  substructure  shall  include  the  foundations  and  masonry  of  the 
bridge  as  shown  on  the  plans  and  j)rofile  furnished  by  the  railway  com- 
pany. 

Location  of  Piers. — The  piers  will  be  located  as  shown  on  plans, 
unless  it  should  be  deemed  advisable  to  move  the  draw-span  further 
north,  in  which  case  there  will  be  two  j)iers  north  of  the  pivot-pier  and 
seven  piers  south  of  the  pivot-pier  instead  of  the  three  piers  north  of 
the  pivot-pier  and  six  piers  south  of  it,  as  shown  on  plan. 

Designation  and  Description  of  Piers. — The  piers  are  numbered  1,  2, 
3,  4,  5,  6,  7,  8,  9  and  10,  beginning  at  the  north  or  Van  Buren  shore. 

Pier  No.  1  will  be  an  abutment  pier,  and  will  rest  on  the  underlying 
bed-rock. 

1.  Piers  Xos.  2,  3,  4,  5  and  6  will  be  in  the  channel  of  the  river,  and 
shall  be  founded  on  caissons  sunk  to  the  underlying  bed-rock. 

[Xote. — -In  sinking  the  caissons,  the  jDneumatic  process  will  be  pre- 
ferred, as  offering  the  most  satisfactory  method  of  securing  the  desired 
result;  but  other  plans,  involving  the  use  of  open  caissons  of  wood  or 
wrought-iron,  will  be  considered,  the  railway  company  i-eserving  the 
right  to  reject  any  or  all  plans  submitted.) 

2.  The  caissons  shall  ba  constructed  on  plans  furnished  by  the 
engineer,  or  upon  other  suitable  plans  aj^proved  by  him. 


I. 

Pier  1. 

II. 

Piers  2,  3,  4, 

and  6. 


Pneumatic 
process. 


Caissons, 
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3.  The  frames  shall  be  of  oak  or  yellow  pine  timber.  The  outside 
sheathing  shall  consist  of  two  thicknesses  of  3-inch  oak  plank,  the 
l^lanks  of  the  inside  course  to  be  inclined  at  an  angle  of  45  degrees. 

4.  The  working-chamber  shall  be  lined  with  3  inch  oak  or  yellow 
pine  plank,  jointed  and  calked. 

5.  Each  course  of  timber  in  the  sides  shall  be  fastened  to  the  course 
below,  with  drift  bolts  not  more  than  3  feet  apart.  These  drift  bolts 
shall  be  i  inch  square,  and  shall  reach  through  two  courses  of  timber 
and  6  inches  into  the  next  course,  being  generally  30  inches  long.  The 
oak  sheathing  shall  be  spiked  with  7-inch  by  f-inch  wrought-iron 
spikes.  At  least  two  spikes  per  square  foot  shall  be  used  in  each  course 
of  planking. 

6.  Cutting  edges  of  wrought  iron  plate  shall  be  provided  if  required 
by  the  engineer. 

7.  The  crib  work  above  the  working-chamber  shall  be  filled  with 
concrete,  the  surface  of  Avhich  shall  be  kept  above  water,  necessary 
oi^enings  being  left  for  working  and  suj^ply  shafts. 

8.  The  caissons  shall  be  sunk  by  the  pneumatic  process,  the  sand  or 
other  material  being  removed  by  suitable  apparatus  for  the  purpose. 

9.  The  air  pressure  shall  at  all  times  be  maintained  in  the  caisson. 
Two  independent  air  compressors  shall  be  furnished,  each  of  sufficient 
capacity^ to  maintain  the  pressure  in  the  caisson. 

10.  The  position  of  the  caisson  shall  not  at  any  time  vary  more  than 
18  inches  from  its  correct  position  as  determined  by  the  engineer. 

11.  The  caisson  shall  not  vary  more  than  18  inches  from  a  level  in 
its  length  or  6  inches  in  its  width  while  being  sunk,  and  shall  be  brought 
to  a  level  when  completed. 

12.  The  crib-work  and  concrete  above  working-chamber  shall  be  built 
to  within  4  feet  below  low-water  mark  as  determined  by  the  engineer. 

13.  A  close  joint  shall  be  made  between  the  cutting  edge  of  the 
caissons  and  the  bed-rock,  either  by  cutting  away  the  rock  or  ramming 
bags  of  concrete  into  the  spaces  between  the  ciitting  edge  of  the  caisson 
and  the  rock,  as  the  engineer  may  direct. 

14.  All  sand,  mud  or  other  objectionable  material  shall  be  removed 
from  the  working-chamber  on  reaching  the  rock,  and  it  shall  be  filled 
with  concrete  thoroughly  rammed. 

15.  The  masonry  shall  be  begun  when  the  concrete  and  crib-work  is 

ready  for  it — the  foundation  course  being  at  least  4  feet  below  low  water. 

All  shafts  left  ojien  during  the  progress  of  the  work  shall  be  filled  with 

concrete,  as  may  be  directed  by  the  engineer. 

1.  Piers  Xos.  7,  8  and  9  will  have  a  pile  foundation, 
ni 
Piers  7,  si  9  and       2.  An  open  caissou,  20  by  46  feet  and  12  feet  high,  built   of  12  x  12 

^^-  pine  or  oak  pinned  together  with  oak  trenails  and  planked  on  the  out- 

side with  one  course  of  3-inch  oak  plank,  shall  be  sunk  at  least  6  feet 
below  low  water  by  dredging  from  the  inside. 
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IV. 

Concrete. 


3.  In  the  interior  of  this  crib  eighty-four  piles  shall  be  driven  to  the 
rock,  either  by  water  jets  or  by  a  hammer  of  suitable  weight  and  fall. 

4.  The  piles   shall  be  of    oak  or  cypress,  not  less  than  10  inches         Piles, 
diameter  at  the  small  end,  nor  less  than  16  inches  at  the  large  end,  and 

shall  be  sound  and  straight. 

5.  The  i^iles  shall  be  cut  oflf  square  and  level  4  feet  below  low 
water  and  capped  with  two  courses  of  12  x  12  oak.  The  lower 
course  of  timbers  shall  be  fastened  to  each  pile  witli  inch  drift-bolts  26 
inches  long;  and  the  second  course  fastened  to  the  first  course  at  each 
intersection  with  inch  drift-bolts  22  inches  long. 

6.  The  space  around  the  piles  and  between  the  timber  crib-work 
shall  be  filled  with  concrete  level  with  the  top  of  the  grillage,  on  which 
the  masonry  shall  be  started. 

7.  Rip-rap  shall  be  disposed  around  the  foundation  as  directed  by 
the  engineer. 

8.  Pier  10  will  have  a  concrete  foundation  as  shown  on  plan. 

1.  Concrete  shall  be  made  of  one  jjart  of  cement,  two  of  sand,  and 
three  to  five  parts  of  broken  stone,  as  directed  by  the  engineer. 

2.  It  shall  be  thoroughly  mixed  and  well  rammed,  especially  in  the 
working-chambers. 

3.  The  stone  for  concrete  shall  be  Ijroken  so  as  to  pass  through  a  2i- 
iiich  ring,  and  shall  be  entirely  free  from  dirt  or  other  foreign  matter, 

Eip-rap  shall  be  disposed  about  piers  or  elsewhere,  as  directed  by  the 
engineer.  One-third  of  it  shall  be  stone  that  wiU  average  one-third  of  a 
cubic  yard  in  size,  and  the  remainder  range  in  size  from  t  to  2  cubic  feet. 

1.  All  masonry  shall  conform  to  the  dimensions  and  plans  furnished 
by  the  engineer. 

2.  Masonry  will  be  first-class,  pitched-draught,  rock-face  work,  built 
in  regular  courses. 

3.  The  rock-face  shall  not  project  more  than  3  inches  beyond  the 
pitch  line  of  joints. 

4.  No  course  shall  be  less  than  12  inches  thick,  uor  overlie  one  of 
less  thickness. 

5.  The  stones  shall  be  rectangular  in  form. 

6.  No  stretcher  shall  be  less  than  3  feet  long,  and  in  no  case  shall     Stretchers 
the  upper  or  lower  bed  be  less  than  one  and  one-half  times  the  thickness 

of  the  course. 

7.  Headers  shall  not  be  less  than  4  feet  long,  nor  less  than  three  times      Headers, 
the  thickness  of  the  course,  and  shall  be  at  least  as  wide  as  high.     Not 

less  than  30  per  cent,  of  the  face  of  the  wall  shall  consist  of  headers. 
Headers  and  backing  shall  be  so  arranged  as  to  form  a  bond  entirely 
through  the  pier. 

8.  All  stones  shall  be  laid  with  close  joints  on  their  quarry  beds,  the 
largest  bed  down,  and  the  beds  and  tojjs  dressed  to  parallel  faces 
throughout  their  entii-e  extent. 


v. 

Rip-rap. 


VI. 
Masonry. 
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Joints. 


Backing. 


Dowels. 


Coping. 


VII. 

Slope  Wall. 


VIII. 
Mortar. 


Cement. 


IX. 

Quariies  and 
Transporta- 
tion. 


9.  The  joints  shall  be  vertical  and  horizontal,  and  the  vertical  joints 
shall  break  not  less  than  12  inches.  Vertical  joints  shall  be  dressed 
close  for  at  least  12  inches  back  from  the  face. 

10.  No  horizontal  or  vertical  joints  shall  be  more  than  i  of  an  inch 
in  thickness. 

11.  The  backing  shall  be  of  such  shape  and  dimensions  as  will 
closely  fill  the  interior  of  the  pier  and  thoroughly  bond  the  outside 
courses  with  each  other.  No  spalls  will  be  allowed  except  in  small  open- 
ings in  the  backing. 

12.  The  face-stones  of  each  course  shall  be  laid  in  full  mortar  beds, 
and  brought  to  a  bearing  with  a  wooden  maul.  The  interior  of  the 
course  shall  be  thoroughly  grouted  and  leveled  off  before  the  next 
course  is  laid, 

13.  The  face-stones  of  the  rounded  ends  of  piers  shall  be  drilled 
through  before  setting,  and  the  drill  holes  extended  six  inches  into  the 
course  below.  One- inch  round  iron  dowels,  12  inches  long,  shall  be 
driven  into  these  holes  with  a  small  quantity  of  mortar. 

14.  The  coping  shall  be  dre.ssed  throughout,  and  at  least  half  the- 
stones  shall  extend  across  the  i^ier.  The  face  of  each  stone  shall  have 
a  margin  draught  on  upper  and  lower  edges.  The  coping  and  all  pedes- 
tal stones  and  draw-rests  shall  be  bush-hammered  where  required  by 
the  engineer.  Chisel- draughts,  1^  inches  wide,  shall  be  made  at  all 
angles  in  the  masonry. 

Slope  wall  shall  consist  of  fiat  stones  laid  close,  for  protection  of 
banks,  of  same  general  size  as  specified  for  rip-rap,  and  built  of  such 
thickness  and  slope  and  in  such  manner  as  the  engineer  may  direct. 

1.  All  mortar  or  grout  shall  be  composed  of  one  part  of  good  hy- 
draulic cement  and  two  parts  of  coarse,  clean,  sharp  sand,  thoroughly 
mixed,  and  tempered  as  used. 

2.  The  cement  shall  be  hydraulic,  of  uniform  quality,  antl  equal  in 
all  resj^ects  to  the  best  Louisville  or  Eosendale  cement.  It  shall  be 
newly  made,  fine  ground,  and  capable  of  standing  a  tensile  strain  of  40 
pounds  per  square  inch  of  section  when  mixed  pure  and  made  into  test 
bars,  exposed  thirty  minutes  in  air  and  twenty-four  hours  under  water. 

3.  Samples  for  testing  shall  be  furnished  when  required  by  the  engi- 
neer. All  packages  or  barrels  containing  the  cement  shall  have  the 
maker's  brand  carefully  marked  thereon. 

4.  All  cement  shall  be  kept  dry  until  used. 

1.  The  quarries  will  be  such  as  are  approved  by  the  engineer,  along 
the  line  of  the  St.  Louis  and  San  Francisco  Eailway,  between  Seligman, 
Missouri,  and  Van  Buren,  Arkansas;  or  on  the  line  of  the  Eureka. 
Springs  Eailway,  near  Beaver  Station,  or  on  the  line  of  the  Little  Eock 
and  Fort  Smith  Eailway. 

2.  The  railway  company  will  furnish  free  transportation  for  stone 
from  points  named  on  its  own  line  of  road  or  on  the  Eureka  Springs 
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liailway  to  Van  Buren,  but  the  contractor  shall  pay  for  transportation 
over  tlie  Little  Rock  and  Fort  Smith  Railway,  or  from  the  quarries  to 
the  nearest  side  track  by  teams  or  otherwise. 

3.  Stone,  however,  for  rip  rajD,  concrete  and  sloj^e-wall,  shall  be 
taken  from  quarries  near  the  bridge  site  and  transported  by  the  con- 
tractor at  his  own  cost  and  expense. 

•4.  The  contractors  shall  furnish  all  tools,  machinery  and  plant  of 
every  descrijition — both  at  the  quarry  and  at  the  bridge  site. 

5.  The  stone  shall  be  cut  at  the  quarries,  and  the  contractor  shall 
promptly  load  and  unload  the  cars  furnished  for  transportation  of  stone 
or  other  materials. 

6.  The  railway  company  will  furnish  free  transportation  for  timber 
from  stations  south  of  West  Fork,  Arkansas,  to  Van  Buren,  over  its  own 
line  of  road. 

7.  The  railway  company  will  also  furnish  free  transportation  be- 
tween stations  on  its  own  line  of  road  for  men,  tools  and  material  and 
supi^lies  actually  needed  for  this  work,  escejit  as  more  particularly 
specified  for  stone  and  timber. 

1.  No  material  shall  be  measured  or  included  in  the  estimate  which  x. 
does  not  form  a  jiart  of  the  permanent  structure.                                                Wor^*^ 

2.  And  all  such  material  or  temporary  works  shall  be  removed  as 
directed  by  the  engineer,  leaving  the  bridge  free  and  unobstructed  on 
comj^letion  of  the  work. 

All  material  furnished  shall  be  sound,  and  free  from  any  defect  that  xi. 

will  injure  its  strength  or  durability,  and  subject  to  the  inspection  and  Defecti;^  Ma- 
acceptance  of  the  engineer  before  being  used.     If  rejected  by  him  it 
shall  be  promptly  removed. 

1.  The  con'iractor  shall  not  sub-let  or  transfer  his  contract,  or  any  ^j 
■part  thereof,  without  the  written  consent  of  the  engineer.                                General. 

2.  The  contractor  shall,  at  his  own  cost  and  expense,  take  down, 
Temove  and  rebuild  any  work  which,  in  the  ojDinion  of  the  engiaeer, 
lias  been  imperfectly  executed. 

3.  All  extra  work  other  than  that  to  be  paid  for  as  herein  set  forth 
required  by  the  engineer,  and  not  embraced  in  the  items  and  prices  set 
forch  in  the  contract,  shall  be  done  by  the  contractor  only  on  the  writ- 
ten order  of  the  engineer,  who  shall  return  with  each  monthly  estimate 
a  bill  for  the  same,  based  on  the  actual  cost  of  labor  and  material  used, 
such  as  in  his  judgment  is  reasonable  and  just.  And  10  per  cent,  shall  be 
added  to  the  same  for  the  use  of  tools,  superintendence  and  all  other 
expenses.  The  acceptance  of  such  bill  by  the  contractor  shall  be 
deemed  and  taken  as  waiving  any  further  claims  for  or  on  account  of 
extra  work  done  during  the  mouth  referred  to  in  said  bill. 

4.  No  charg  i  shall  be  made  by  the  contractor  for  hindrances  and  delays 
irom  any  cause  whatever  ia  the  progress  of  the  work,  but  it  may  entitle 
Mm  to  an  extension  of  the  time  allowed  for  the  completion  of  the  work 
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XIII, 
Form  of  Bid. 


XV. 


XVI. 

Eugineer. 


XVII. 


equal  in  length  to  the  detention,  to  be  determined  by  the  Chief  Engineer 
of  the  St.  Louis  and  San  Francisco  Eailway  Company;  provided,  he 
shall  give  the  said  chief  engineer  immediate  notice  in  writing  of  the 
cause  of  the  detention. 

1.  Bids  will  be  received  for  the  substructure  hereinbefore  as  speci- 
fied either  with  a  lump  sum  to  be  paid  for  the  whole  such  substructure 
complete;  or 

2.  With  specific  prices  to  be  paid  for  the  several  classes  of  work  as- 
enumerated  below. 

3.  Said  prices  shall  cover  and  include  all  material,  barges  and  ma- 
chinery or  other  plant,  tools,  labor,  temporary  work  or  other  expense 
used  or  incurred  in  the  progress  of  this  work. 

4.  No  constructive  or  conventional  measurement  will  be  allowed. 

5.  Quantities  of  timber  in  estimates  shall  include  only  the  actual 
cubic  contents  of  the  timber  turned  into  board  measure,  and  as  placed 
permanently  in  the  structure. 

6.  Quantities  of  masonry  shall  include  only  the  actual  cubical  con- 
tents of  the  masonry  inside  the  draft  lines  and  according  to  the  plans. 

The  contractor  shall  employ  persons  experienced  and  skilled  in  the 
various  kinds  of  work  specified;  and  shall  use  the  best  tools  and  ma- 
chinery to  be  obtained  for  rapid  and  efficient  j^rogress. 

Any  or  all  of  the  work  herein  specified  shall  be  carried  on  night  and. 
day  if  so  directed  by  the  engineer.  In  which  case  the  contractor  shall, 
within  ten  days  after  being  so  directed,  provide  at  his  own  cost  and 
expense  sufficient  electric  or  other  artificial  light,  and  a  force  adequate 
to  keep  three  full  shifts  of  men  successively  employed  during  the  whole 
of  each  twenty-four  hours;  and  shaU  maintain  such  force  until,  in  the 
judgment  of  the  engineer,  the  necessity  for  so  doing  shall  have  passed. 

Whenever  the  word  engineer  occurs  in  these  specifications,  it  shall 
have  reference  to  the  Chief  Engineer  of  the  St.  Louis  and  San  Francisco 
Eailway  or  his  authorized  assistants  on  the  work. 

1.  Timber  in  caissons  shall  include  all  timber  of  every  kind  furnished,, 
framed,  and  placed  in  caissons  which  are  sunk  to  bed-rock. 

2.  Timber  in  cribs  and  open  caissons  shall  include  timber  of  every 
kind  (excepting  piles  and  grillage)  furnished,  framed  and  placed  in 
cribs  and  open  caissons  for  foundations  of  masonry. 

3.  Timber  in  grillage  shall  include  all  cajDS  for  piles  and  timber, 
or  platforms  resting  thereon,  or  other  platforms  for  foundations  of 
masonry. 

4.  Piling  shall  include  only  such  part  of  the  piles  as  remain  in  the 
foundations  of  the  masonry  and  below  the  level  of  the  bottom  of  the 
grillage  resting  on  them,  and  such  price  includes  furnishing,  driving 
and  cutting  oflf  the  tops  of  the  piles  level  as  hereinbefore  specified. 

5.  Sinking  caissons  shall  be  measured  per  foot,  vertically  from  the 
average  level  of  the  bottom  of  the  cutting  edge  to  low-water  level  as 


PURDON   OX  THE   TAX    BL'REN   BRIDGE.  189 

already  established  by  the  engineer,  and  shall  include  all  excavation 
from  the  interior  of  the  caissons  or  elsewhere  of  all  classes  of  material 
encountered  in  sinking  them  excej^ting  the  bed-rock. 

6.  Wrought-iron  shall  include  all  wrought-iron  bolts  and  their 
attachments,  drift-bolts,  dowels,  washers,  plates,  cutting-edges,  nails, 
spike  or  other  wrought-iron  furnished  and  used  in  the  foundations  and 
masonry  and  remaining  in  the  permanent  stmcture. 

7.  Cast-iron  shall  include  all  cast  washers,  i^lates  or  other  castings 
furnished  and  used  in  the  permanent  structure. 

8.  Concrete  in  working  chamber  of  caisson  shall  include  only  such 
concrete  as  is  furnished  and  used  in  the  working-chamber  i^roper  of  the 
caissons  sunk  to  bed-rock. 

9.  Excavations  above  water  shall  include  all  excavations  of  founda- 
tions and  other  excavations  incidental  thereto,  and  will  include  all 
classes  of  material  except  as  hereinafter  more  i^articularly  specified. 

10.  Excavations  under  water  shall  only  apply  to  excavation  of 
foundation  pits  and  deepening  of  channels  under  water  where  required 
by  the  engineer,  and  shall  cover  all  classes  of  material  encountered,  and 
include  draining,  bailing,  pumping,  and  all  material,  labor  or  other 
expense  connected  with  such  excavation. 

1.  The  river  shall,  at  all  times  during  the  construction  and  erection         sviii. 
of  the  substructure,  be  kejDt  free  for  navigation. 

2.  All  coffer-dams,  staging  and  other  obstructions  must  be  removed 
by  the  contractor  when  directed  by  the  engineer,  leaving  the  river 
entirely  unobstructed  except  by  actual  space  occui^ied  by  the  masonry. 

1.  In  case  the  elevation  of  the  underlying  bed-rock  above  datum  line      „  ^^- , 
of  levels  is  less  than  that  shown  on  plans,  the  contractor   shall  be  en- 
titled to  the  sum  of  3100  per  vertical  foot  for  the  difference  of  level  so 

found  at  the  sites  of  Piers  1,  2,  3,  5  and  6,  and  the  sum  of  8600  per 
vertical  foot  at  the  site  of  Piers  No.  1. 

2.  In  case  the  elevation  of  the  underlying  bed-rock  above  datum  line 
of  levels  is  greater  than  that  shown  on  plans,  the  railway  company 
shall  be  entitled  to  a  credit  of  8100  per  vertical  foot  for  the  diflference 
of  level  so  found  at  the  sites  of  Piers  1,  2,  3,  5  and  6,  and  the  sum  of 
$600  per  vertical  foot  at  the  site  of  Pier  Xo.  1. 
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DISCUSSION. 


Chables  Macdon'ald,  M.  Am.  Soc.  C.  E. — The  interest  attaching  to 
bridges  of  the  character  described  in  this  paper,  is  perhaps  more  of  a 
commercial  than  professional  nature.  There  were  really  no  engineering 
difficulties  worth  mentioning,  in  the  construction.  The  rock  was  about 
30  feet  below  the  water,  overlaid  with  sand,  and  easily  reached  by 
pneumatic  caissons  in  that  portion  of  the  river  where  scour  was  liable 
to  take  i)lac3.  On  the  south  side  pile  foundations  wer3  used,  for  the 
reason  that  a  large  excess  of  waterway  had  been  provided  for,  and  there 
was  no  probability  of  scour  at  those  points.  I  may  mention  a  point, 
connected  with  the  testing  of  cement,  which  might  be  of  interest  to  the 
Committee  on  Tests  of  Cement.  The  cement  was  made  at  Louisville, 
Ky.  The  first  car  load  received  was  carefully  teste  1,  and  about  10  per 
cent,  of  the  barrels  were  reported  as  falling  below  the  specifications. 
For  the  purpose  of  verifying  these  tests,  I  had  two  samples  taken  from 
each  of  the  rejected  barrels.  The  first  sat  was  mixed  in  exact  accord- 
ance with  the  practice  which  had  been  observed  in  the  original  tests; 
and  was  tamped  in  a  briquette,  with  a  moderate  amount  of  jiressure. 

Tests  made  upon  thesa  samples  all  fell  below  the  specifications.  The 
second  set  of  samples  was  treated  in  the  same  way,  except  that  the 
tamping  was  a  little  more  decided  than  in  the  first  case.  Every  one  of 
these  tests  came  above  the  specifications.  It  appeared  evident  that  the 
pressure  exerted  in  tamping  was  the  controlling  element,  and  that  a 
slight  diflference  in  amount  w:)-ald  give  very  different  results  on  the  test 
piece.  It  would  seem  as  if  the  most  important  question,  in  connection 
with  testing  cement,  is  the  manner  of  prepa  'ing  the  test  jiieces. 

In  sinking  caisson  No.  3  an  interesting  experience  was  encountered. 
After  the  caisson  had  been  sunk  a  few  feet  into  the  sand,  the  water  in 
the  river  rose  rapidly,  completely  covering  the  work,  and  obliging  a 
suspension  of  operations. 

During  the  high  water  the  sand  scoured  out  under  the  up-stream  end 
of  the  caisson,  until  it  dropped  down  6  feet  out  of  level  and  the  whole 
caisson  moved  2  or  3  feet  down  stream. 

After  the  water  had  receded  sufficiently  to  renew  operations,  Messrs. 
Sooysmith,  who  had  undertaken  to  do  the  pneumatic  work,  succeeded  in 
righting  the  caisson,  and,  at  the  same  time,  crowding  it  back  into  place 
by  a  system  of  incline  1  structures  placed  in  the  working  chamber  on  the 
up  stream  side  of  the  center.  Upon  releasing  the  air  j^ressure  suddenly 
the  caisson  descended  and  worked  up  stream  at  the  same  time. 

Mr.  Sooysmith  will  doubtless  be  able  to  describe  this  operation  more 
in  detail. 

It  was  an  ingenious  method  of  overcoming  what  appeared  to  be  a 
serious  difficultv. 
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Charles  Sooysmith,  M.  Am.  Soc.  C.  E. — When  we  are  working  in  a 
location  where  the  grounil  will  parmit  ixs  to  pile  the  material  higher  on 
one  side  than  on  the  other,  the  most  eftective  way  to  move  the  caisson  i» 
to  bring  about  a  greater  pressure  on  one  side  than  on  the  other^ 
and  this  is  done  by  simply  jjiling  the  material  higher  on  that  side. 
When  we  had  about  40  or  50  feet  of  material  about  the  caisson,  we 
found  that  a  difference  of  5  or  6  feet  in  the  height  of  the  material  on. 
one  side  had  a  tendency  to  work  the  caisson  away  from  the  high  side. 
Throughout  the  sinking  of  the  caissons  we  often  change  the  height  of 
the  material  every  day  or  so  and  find  it  very  effective. 

We  had  an  interesting  case  at  the  Kandolph  Bridge  over  the  Mis- 
souri, at  Kansas  City.  A  channel  caisson  had  gotten  2  or  3  feet  out  of 
position  when  it  was  but  a  few  feet  from  the  rockj  the  masonry  had  been- 
started  on  it  and  it  was  very  desirable  to  get  it  more  nearly  in  position. 
There  was  too  much  material  around  it  to  enable  us  to  imsh  it,  and  there 
was  not  enough  distance  still  to  sink  to  permit  us  to  move  it  in  the  man- 
ner just  de^cribid.  It  was  moved  into  ijosition  in  the  following  wayr 
12  X  12  timbers  resting  on  plank  jjlatforms  on  the  sand  were  set  up  in- 
side the  caisson;  these  were  all  inclined  in  the  direction  in  which  we 
wished  to  move  the  caisson.  After  excavating  under  the  cutting  edges- 
a  portion  of  the  pressure  was  let  off,  bringing  the  weight  of  the  caisson 
on  the  inclined  posts,  and  the  result  was  that  the  caisson  moved  slightly 
in  the  direction  we  wished  it  to  go,  and  two  or  three  repetitions  of  this 
method  brought  it  into  position. 

F.  CoLiiiNGwooD,  M.  Am.  Soc.  C.  E. — In  sinking  the  Brooklyn 
caisson  of  the  East  Eiver  Bridge,  there  was  a  decided  excess  of  pressure 
on  the  land  side.  The  ultimate  depth  reached  was  444  feet  below  meani 
high  tide,  and  the  surface  of  the  earth  on  the  land  side  was  about  6  feet 
above  the  water  surface.  The  bottom  had  been  dredged  to  18  feet 
dei^th,  and  sloped  to  a  greater  depth  at  a  short  distance  in  the  stream. 
The  resultant  of  the  weight  of  the  caisson  and  this  difference  of  side 
pressure  was,  therefore,  outward,  and  when  the  full  depth  was  reached! 
the  caisson  was  found  to  have  moved  two  feet  towards  the  river. 

The  caisson  had  been  made  purposely  abundantly  large  (for  this,. 
among  other  reasons),  and  as  the  masonry  base  was  also  made  large, 
there  was  no  difficulty  in  adjusting  the  tower  above  water  to  its  true 
position. 

As  the  resultant  from  the  cables  was  also  outward,  the  final  effect 
was  favorable  rather  than  otherwise. 

John  Bog\rt,  M.  Am.  Soc.  C.  E. — Did  the  piers  of  the  Pough- 
keepsie  Bridge  get  out  of  line  at  all? 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — The  caissons  of  the  Poughkeepsie 
Bridge  were  sunk  to  a  depth  of  136  feet.  We  found  that  the  river-bed 
consisted  of  soft  sand,  so  soft  that  everything  that  sunk  disapi>eared  ai 
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once.  The  soil  grew  harder  as  it  went  clown  until  some  gravel  was  found 
with  it,  and  just  before  reaching  the  bed-rock  it  turned  into  a  very  hard, 
solid  gravel. 

The  piers  of  the  Poughkeepsie  Bridge  were  very  large;  the  base  was 
60  feet  wide  by  100  feet  long  and  they  were  about  130  feet  high.  We 
made  the  size  on  the  bottom  60  by  100,  which  gave  a  pressure  on  the 
bed  of  the  river  of  about  3J  tons  to  the  square  foot.  Then,  for  the 
reason  that  so  much  size  was  not  required  as  we  went  up,  we  drew  this-- 
in  to  100  by  50  feet  on  the  top.  Whether  this  had  anything  to  do  toward 
keeping  the  bridge  piers  perpendicular  I  think  no  one  could  tell.  I  am 
certain  of  one  thing,  that  our  experience  there  shows  that  we  must  not 
overload  the  piers  if  we  want  them  to  go  down  without  deviating  from 
their  normal  positioii.  We  must  keep  the  excavation  below  the  cutting 
edge.  When  the  weight  overcame  the  side  friction  the  thing  dropped 
just  like  a  plumb-bob.  But,  as  a  matter  of  fact,  they  did  not  get  out  of 
line. 

Joseph  P.  Davis,  M.  Am.  Soc.  C.  E.— Can  you  give  any  data  as  to- 
the  friction  of  -the  sand  on  the  side  of  the  caisson? 

Mr.  Claeke.— I  think,  if  my  memory  is  correct,  it  took,  to  overcome 
the  friction,  a  weight  of  about  800  pounds  per  square  foot,  between  700- 
and  800  pounds  to  the  square  foot.  I  am  not  quite  certain.  On  re- 
ferring to  my  note  books  I  find  that  when  the  caisson  was  sunk  45  feet 
below  the  river-bed  its  perimeter  was  320  feet.  45  X  320  =  14  400- 
square  feet  of  exterior  rubbed  surface.     Its  immersed  weight  was  then 

8  000  tons  =  16  000  000   pounds.      ^^  ^^^      =  1  100  pounds  per  square 

foot  of  rubbed  surface,  equals  the  downward  pressure.  This  was^ 
not  enough  to  make  the  caisson  move,  until  a  hole  was  dredged  below  it. 
When  that  hole  was  dredged,  and  the  support  under  the  base  taken 
away,  the  caisson  sank  down.  Hence  the  friction  on  the  rubbed  surface 
could  not  have  been  as  much  as  1  100  pounds.  We  called  it  700  or  800- 
pounds,  but  it  is  not  possible  to  state  it  exactly. 

Mr.  CoiiiiiNGWOOD.— Was  there  any  increase  as  you  went  down? 

Mr.  Clakke.— Xo;  we  could  not  see  that  there  was. 

C.  D.  PuKDON,  M.  Am.  Soc.  C.  E.— I  may  mention,  in  connection 
with  the  subject  of  caissons  being  out  of  place,  that  at  the  Rob  Pvoy 
Bridge  (over  the  Arkansas  Eiver  on  the  St.  Louis,  Arkansas  and  Texas 
Railway),  where  cylinders  of  7  feet  diameter  were  sunk  to  a  depth  of 
60  feet  below  low  water,  the  method  employed  to  bring  a  cylinder  back 
to  place  was  to  first  get  it  out  of  plumb,  with  the  bottom  pointing  in 
the  direction  in  which  it  was  necessary  to  move  it;  to  sink  it  thus  in- 
clined until  calculations  of  inclination  and  position  together  showed 
that  the  bottom  was  in  the  right  place,  and  then  to  plumb  it;  this  was, 
done  with  twelve  cylinders. 
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To  throw  the  cylinders  out  of  i^lumb  an  1  afterwards  to  plumb  them, 
pieces  of  12  x  12  ioch  timber  were  clamped  on  the  cylinders,  and  in- 
■clined  struts  placed  from  these  to  either  sills  on  the  sand-bar  or  to  caps 
■on  clumps  of  i^iJes  driven  for  the  purpose. 

At  the  Junction  Railway  Bridge,  over  the  Arkansas  River,  at  Little 
Rock,  Ark. ,  of  which  I  also  had  charge,  one  of  the  caissons  was  brought 
back  to  its  place  by  sinking  it  out  of  plumb;  it  was  thrown  out  of  plumb 
and  righted  by  simply  excavating  below  the  cutting  edge  on  one  side 
only. 

This  caisson  was  but  little  out  of  place,  however. 


The  following  are  the  illustrations  of  the  paper  by  Mr.  Purdon  on 
the  Van  Buren  Bridge : 


Plate  XVIII. 

"  XIX. 

"  XX. 

"  XXI. 

*'  XXII. 

^'  XXIII. 

"  XXIV. 

"  XXV. 

'«  XXVI. 

^'  XXVII. 

*'  XXVIII. 

*'  XXIX. 

*'  XXX. 

"  XXXI. 

"  XXXII. 

"  XXXIII. 

"'  XXXIV. 

"  XXXV. 

"  XXXVI. 

•'  XXXVII. 

"  XXXVIII. 

*'  XXXIX. 


Photograph  of  Bridge. 

Location. 

Triangulation. 

Caisson  and  Crib  of  Fixed  Piers. 

( (  a  it 

Pier  2. 

Water  Gauge  Profile. 

Ravine  Section. 

Process  of  Leveling  Caisson  of  Pier  3. 

Caisson  and  Crib  of  Pier  4. 

Pier  4;  Elevation  and  Section. 

Plan  of  Courses,  Pier  4. 


Pier  7. 

Pier  10. 

Profile  showing  Sinking  of  Caisson. 

Profile  showing  Progress  of  Masonry. 

Superstructure  of  252-feet  9-inch  Spans. 

Superstructure  of  162-feet  Sj^ans. 

Superstructure  of  Draw  Span. 


• 


PLATE   XIX 

TRANS.AM.SOC.CIV.  ENG'RS 

VO  L  XX.  N9   ms 

PURDON    ON 

VAN   BUREN   BRIDGE 


PLATE   XX 
TRANS.  AM.  SOC. CIV.  ENG'rs 
VO  L  XX.  N9    ^12 

PURDON    ON 
VAN   BUREN   BRIDGE 


T 


PLATE    XXI 

TRANS  AM   SOC.CIV  ENG'RS. 

VO  L  XX  ,  N9    ^12. 

PURDON    ON 

VAN  BUREN   BRIDGE. 


C^/SSOA/  y9A//J  CA/3 
Of  f/X£J  P/f^'S 


PLATE    XXII 

TRANS.AM   SOC.CIV.  ENGRS 

VOL  XX.  N9    H\Z 

PURDON    ON 

VAN  BUREN   BRIDGE 


JPtctTt,  c£  Cax^jony 


- 

:o: 

Pl^irv 

cJ'  Crib 

K 

/fu-  JA.O.* 

t 

-. 

; 

' 

P^£/^Z 


XXIII 
CIV.  ENGRS 
?    ^12. 

ON 
BRIDGE 


Sr 

L  . 

9/Va 

J 

'/:. 

Hy 

- 

V 

'S^ 

7j 

V 

I 

U^ 

Rl 

f/VZ 

r-1 — 1     1 

?/f 

/z 

7^. 

- 

//_yV,S3S.S  ^ 

1 1 

mJTEH 

<S/fa6£  /885 

PLATE  XXIV 

TRANS.  AM   SOC. CIV  ENGRS 

VO  L  XX,  N9    '^\Z. 

PURDON    ON 

VAN   BUREN   BRIDGE. 



~ 

' 

- 

\— 

r 

— 

' — 

v- 

— 

_ 

__ 

3Uo 

_jia« 



— 

A 

/^ 

- 

- 

f 

1 

1 

\__ 

lS^c 

\ 

^fti 

1  1 
I   1 

\ 

\ 

1       ^ 
1 

\  1 

\ 

\ 

A 

I 

/ 

■" 

\ 

\ 

\ 

1 

i 

- 

1 

\ 

1 

1 

! 

I 

^' 

V 

\ 

!  /' 

1 

\ 

1   i    j 

V 

1 

1 — 

1 

\, 

\ 

1 

;l  /\J' \  ! 

1  - 

i 

V 

\ 

I 

\ 

\ 

>v\ 

\ 

Vti 

\ 

1 

-1 

i 

1 

1 

\ 

AJ 

\ 

K 

)1  ri 

; 

\ 

1 

\\    \ 

1 

Sto 

\ 

1 

1 

1 

\ 

"\~ 

/ 

\ 

V 

\ 

r 

fv^\ 

k 

1 

\/^ 

1 

■7<i 

— i 

-L^ 

/\ 

_S 

J- 

\ 

f 

T 

/ 

^d 

~M 

\^ 

\ 

^ 



rH 





— 

-  — 

A 

1 

— 



— i_ 

- 



-|— 



"we 

— 

-_ 

— 

N- 

— 

— 

— 

— 
— 

- 

r 

.  . 



— 

\ 

tf* 

A 

i 

4 

f^ 

^ 

-+4- 

— i — 

1 

— 1 — ' 
1 

i 

- 
_ 

a 

_ 

— 
L 

■ 

_„ 

1 

fry 

.:^ 

^a 

f'C 

' 

ei 

^ 

^l 

' 

— 

1 

\ 

i 

1 
1 

i    ..       - 

1 

1 
1 

_ 

1 

.,_L 

J 

I 

1 

t 

— 1 — 

^n 

fen  It 

=  = hr-^ 

1 

A/?i^/A/£  SfCTJOA/ 


PLATE   X)CV 
FRANS-AM  SOCCIV.  ENGHS 
VOL  XX.  N9    '*J2 

PURDON    ON 
VAN   BUREN  BRIDGE 


•S0l/r/f 

-Vi9/<  TM 

.  -iOal 

U^O 

1 

c 

T 

a 

□ 

c 

Z3 

1= 

'i 

f 

d_ 

A(«o 

-^ 

-r:. 

-^ 

1- 





-- 













r~~i'" 









\     T 

a»o 

sao 

3*0 

N 

i 

\ 

/ 

3So 

%-io 

fo  \ 

9 

8 

7 

S 

s 

^ 

3 

2 

J 

'/ 

u 

J 

370. 

^Cta 





. 



\ 

r" 

.^^    .    . 

_ 

. 

_  __  . 



- 

-  .  — 

-  :r^r\__ 

y 

.t*Vif,.Z.      . 

~3Z^ 

SSo 

^— ^__ 

iJf 

AT" 

J* 

^'     M 

a 

Afc  -  - 

^ 

^^^^^ 

^^v 

3MO 

'^//A 

<^ 

L 

, 

N==: 

-^ 

■ — -- 

:> 

^^ 

^^'" 

^0 

3x0 

'*^ 

%^ 

i^>^^^^XvV^^^^  ^VV^/^  g|\^ 

«<? 

3IO 

jy 

* 

Z 

G> 

J- 

£ 

«.._ 

L_ 

-L ^ 

10 

9 

r 

Z li 

& 

*' 

£ 

*  ? 

/_     7/ ft, 

a 

f         z 

^ 

cj./r^ 

yj^cce^-s  cf  la/elZi>t^   Cai^so/v  ci/'J^'^e/-^ 


PLATE  XXVI 

TRANS.  AM  SOCCIV.  ENG'RS 

VOLXXfjo    i»i2 

PURDON    ON 

VAN   BUREN   BRIDGE 


C/f/SSO/V  /i/^a  C/{/B 
0.  P/£A4 


PLATE   XXVll 

TRANS.  AM   SOC. CIV,  EN&'RS 

VO  L  XX.  iN9    itl2 

PUROON    ON 

VAN  BUREN   BRIDGE 


foai^ 


:^dSL^ 


dm 


n 


irrrj: 


i,lV f 


r~^ 


3ft.fi 


T' — r 


IZE 


3; 


1 


PLATE  XXVIII, 

TRANS.AM.SOC.CIV,  ENGRS 

VO  L  XX     NO    ^12 

PURDON    ON 

VAN  BUREN  BRIDGE 


^ojiJS'l&i^c^^n^ 


3 


Y 


JSf.S-6 


Co  yiCT-e-ts- 


PIER     N2,  4. 


(7e,^rse  ^ /'  A 


Commanccd  A  u.q. /*f^  Fir,ished  Aum.I 5^ 
Ccry^ent     3  3   Ills. 


33'0 


50  'Z)  'U, 

Ca-mmartced  Au^^  'S^  Finiahenl  A<^(b-^ 
aem»r,t    31  IDs. 


f-  B 


PLATE    XXIX 

TRANS.  AM.  SOC.CIV.ENG'RS 

VO  L  XX.  NO    ^\Z. 

PUROON    ON 

VAN  BUREN   BRIDGE 


Ce7-,-,e.r,t    %  /'/a  Ills. 


/r  r  10" 


50   D/ A. 


eoirr„-r,e7,ced  At^.17^  F7>„3hed  Ai^^  1 8^ 
Cement    ZYU^s. 


PIER     N?.  ^. 


/f  /'/O' 


PLATE   XXX 

TRANS.AM  SOC.CIV.ENGRS 

VO  L  XX    NO    itl2 

PURDON    ON 

VAN  BUREN   BRIDGE 


/f /■//■■ 
Cf-m-i-nK-ncsU    Ai<,g  3/f{/r,„-,'f},eeL    Sept.    / ■^ 


Co^-nntenoad  St^.t.   /^    fjni'sh^o/  Sept  St"^ 
^8.0    Cu-cjdt.       33    llh.    Cei-'-xinf 


,naed  Sept.  X^   Fr-nished  5ept  31^ 
¥3  Cu-.cfd'S.       3*3  ij?*.  Ce7n-,^-nt 


E  R 


■^ceai    Sept.  3^  FT.-„'shecl  Sept  V  fi# 
Cerrtettt   SSlhls. 


Ce-mertt     36'Aiih. 


PLATE  XXXI 

TRANS. AM,  SOC. CIV.  ENG'as 

VO  L  XX.  N9    iti2 

PURDON    ON      ■ 

VAN  BUREN   BRIDGE 


30' D,-^ 

CarKme'ieed    Sept  7^  Fjnr'shed  Sept  S*^ 
Cemer^t     33Jlh. 


/v 


50'£)/U. 
Ce.  •,-,-,  STilr  3(>U!i. 


e»,-„>,,« 


SOU}  /•». 
^ced  Sopt  /9<^^  rTm't?re<^ SepC  Z/f? 


Cemeiit    3  5lHs 


m 


R     N?.^. 


30  -JlyjL.  ^ 


PLATE    XXXII 
TRANS  AM  SOC.CIV  ENG'RS 

VO  L   XX  .  N9    ^tia 
s,^S^^^^^    ON 
VAN  BUREN   BRIDGE 


~^odI 


/?  /'o- 


^^hc^d  Sept.  Zb^  Finished  Se/>f.ZS^ 
Cc-m&Tit    /  5  ills. 


CoTnTnenoeid  Sept.  XB^  Fiv'shecl  Oct  /  *f 


Cvm^rtgnetel  Oct  2.^  Ftiiished  Got.  5 
Cement  / 8  '/g.  Ills. 


■\v 


PLATE  XJIXIII. 

TRANS.AM  SOC  CIV.  ENG'RS 

VO  L  XX.  N9    ^la. 

PURDON    ON 

VAN  BUREN   BRIDGE 


W 


jyiac^cnru    JY3.4  oyaU. 
Concrete         6S.S       „ 


m 


PLATE   XXXV(. 

TRANSAM   SOC.CIV.  ENG'RS 

VO  L  XX  .  N9    ^12 

PURDON    ON 

VAN  BUREN   BRIDGE. 


-St  cnf  posis      s50  ,  34',   3Sa7tc^  4ZJ^ 


St  A  y,A,o   S /■ /^r  ,    y^/V  J31/ASA/   3/^/ff6£^ 
3  S/'/fA/S    ZSZ  fr  3U    cnc      SA/£}    /»/A/S 


PLATE  XXXVIl 

TRANS, AM   SOC. CIV  ENGRS 

VOL. XX.     ^?    412. 

PURDON    ON 
VAN  BUREN   BRIDGE 


ct/*<<».  JU6.S-^  jA*^ 


^on    ZrfZc-f-ezZz 


m 


JSe^M       So  ,.  .  ,      cAofels 


PLATE    XXXVIll 

TRANS.  AM   SOC.CIV.  ENGRS. 

VO  L  XX.  ISI9    i*l2 

PURDON    ON 

VAN  BUREN   BRIDGE 


• 


/Z/itxrt.6Zj  ^3/i  .  ZceM,-Sre  joa.-rcaZj  J/(&a.o?i 


PLATE  XXXIX 

TRANS.  AM.  SOC. CIV.  ENGRS 

VOL  XX.  N?    ^412 

PURDOIM    ON 

VAN   BUREN   BRIDGE 


.^/»  Zarisra-if 


'i3o  tttTTC  „ 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED  185  2. 


tiia.:nsa.ctio^^  s. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 
any  of  its  publications. 


413. 

(Vol.  XX.— May,  18S9.) 


ON  FLOOD  HEIGHTS  IX  THE  MISSISSIPPI  RIVER, 
AVITH  ESPECIAL  REFERE^'CE  TO  THE  REACH 
BETWEEN  HELENA  AND  VICKSBURG. 


By  WrLiiiAM  Starling,  M.  Am.  Soe.  C.  E. 


In  considering  the  question  of  high-water  heights,  it  is  evident  that 
the  best  prospect  of  success  lies  in  the  study  of  the  dischai'ges  alreaely 
measured.*  There  are  quite  a  number  of  data  of  this  kind  from  the 
days  of  Humphreys  and  Abbot  to  the  present,  but  of  these  only  a  few 
are  of  any  material  service  in  our  investigation.  By  far  the  most  useful 
and  most  accurately  determined  measurements  of  this  kind  are  those 
made  in  1882  and  in  1884-85  by  the  Mississippi  Eiver  Commission,  and 
published  in  their  Reports  for  1883  and  1887  respectively.  The  former 
are  especially  valuable,  having  been  made  in  the  greatest  flood-year  ever 
known.  Accordingly  it  is  upon  them  that  the  reasoning  of  this  paper 
mainly  rests. 

Since  about  1872,  daily  observations  of  the  stage  of  the  Mississippi 
and  its  princij)al  tributaries  have  been  made  at  a  considerable  number  of 

*  To  avoid  repetition,  reference  is  here  made  to  a  paper  published  in  the  Transactions 
of  the  American  Society  of  Civil  Engineers,  Vol.  XX,  page  8.5;  March,  1889,  entitled  "  The 
Improvement  of  the  Mississippi  River." 
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^3tations,  the  principal  of  which  are  Pittsburgh,  Cincinnati,  Chattanooga, 
Nashville,  Dubuque,  Keokuk,  Leavenworth,  St.  Louis,  Cairo,  Memphis, 
Helena,  Little  Bock,  Vicksburg,  Shreveport  and  New  Orleans.  At  these 
;and  many  other  points  gauges  are  established,  the  zeros  of  which  are 
arbitrarily  fixed,  but  are  usually  intended  to  be  at  about  extreme  low- 
water  mark.  In  a  few  instances,  subsequently  to  the  establishment  of 
the  gauges,  the  water,  in  a  very  low  season,  has  dropped  below  the 
:zero.*  It  is  to  these  gauges  that  all  the  discharge  observations  made 
since  1872  are  referred. 

If  we  take  a  sheet  of  cross-section  paper  and  plot  the  days  of  the 
year  as  abscissas  and  the  gauge  readings  at  any  given  station  as  ordi- 
nates,  we  shall  have  a  curve  showing  the  movement  of  the  river  for  that 
year.  Such  a  curve  is  shown  on  Plate  XL,  and  is  called  the  hydrogra^jh 
•of  that  station  for  such  or  such  a  time.  If,  now,  we  take  the  discharge 
observations  at  this  station,  and,  still  making  the  gauge  readings  the 
•ordinates,  plot  the  discharges  or  their  components,  the  areas  and  mean 
velocities,  as  abscissas,  we  shall  have  a  series  of  lines  usually  called  the 
discharge  curve,  the  velocity  curve  or  the  area  curve  of  that  station  for 
that  year.f  If,  now,  we  make  the  time  the  abscissa,  and  the  discharge, 
velocity,  area,  mean  depth,  slojDe  or  other  function  the  ordinate,  we  shall 
have  a  series  of  broken  lines  to  which  Colonel  Suter  J  has  given  the  name 
sequence  of  discharge,  velocity,  etc. 

Now,  if  there  be  any  definite  relation  between  gauge  and  discharge, 
it  should  make  itself  recognizable  in  the  shape  of  the  curve  constructed 
.from  these  elements  as  co-ordinates. 

Unfortunately  for  our  hopes,  the  line  which  thus  results  is  exceed- 
ingly complex,  and  ai32Jarently  lawless  in  its  shape,  which  is  a  zig-zag, 
not  reducible  to  any  regular  curve,  or  rather  which  may  be  fitted  to 
.almost  any  curve,  at  the  fancy  of  the  investigator.  Of  course,  it  is  well 
known  that  there  are  numerous  sources  of  error  in  discharge  measure- 
ments, and  a' portion  of  the  apparent  anomalies  mar  rationally  be  at- 
tributed to  this  cause.  In  order  to  disembarrass  the  subject  as  much  as 
possible  of  accidental  errors,  let  us  consider,  not  the  discharge,  which 
is  composed  of  two  factors,  but  only  one  of  these  factors,  the  velocity, 

*  As  at  Vicksburg  in  1888. 

t  See  these  curves  plotted,  for  1882,  in  the  plates  accompanying  the  Report  of  the  Missis- 
■sippi  River  Commission  for  1683. 

J  In  a  paper  laid  before  the  Missiseippi  Elver  Commission  in  1888,  in  the  "  Investigation 
-of  Discharge  Measurements."    Mississippi  River  Commission  print,  1888. 
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In  this  way  we  may  partially  eliminate  the  errors  of  measurement  of  the 
areas,  which  are  well  known  to  be  sometimes  considerable.  We  cannot 
entirely  eliminate  those  errors,  on  account  of  the  manner  in  which  the 
mean  velocities  are  obtained,  namely,  by  the  summation  of  the  partial 
discharges  and  then  division  by  the  sum  of  the  partial  areas.  Under 
only  one  condition  can  the  errors  disappear  entirely,  and  that  is,  that 
the  i^artial  areas  shall  be  equal,  and  the  errors  of  measurement  of  those 
areas  e  jual  also.  Otherwise,  an  area  in  excess  will  give  a  velocity  in 
detic'iency,  and  rice  versa.  Still  the  errors  will  be  partially  comijensated. 
Moreover,  the  velocity  is  the  controlling  element.  If  there  be  any  law 
regulating  the  discharge,  as  who  doubts  that  there  is,  it  must  be  sought 
in  the  velocity. 

While  there  are  inaccuracies,  as  developed  by  i^lotting,  which  are 
j  ustly  ascribable  to  faults  of  observation,  there  are  variations  which,  from 
their  magnitude  and  their  persistency,  must  be  attributed  to  other 
causes.  Among  other  things,  there  seems  to  be  a  break  in  the  velocity 
curve  at  the  "bank-full"  stage.  Beyond  this  point  it  becomes  wild, 
sometimes  showing  no  increase  or  even  a  diminution  for  several  feet  of 
rise,  sometimes  developing  such  a  prodigious  augmentation  as  to  give 
an  addition  of  200  000  feet  or  more  of  discharge  for  a  foot  more  on  the 
gauge.  These  are  not  irregularities  or  eccentricities.  The  Mississipi^i 
is  not  an  anomalous  creation,  but  on  the  contrary,  is  beautifully  amen- 
able to  law,  and  obeys  it  with  minute  and  unvarying  fidelity. 

It  is  well  known  that  velocity  depends  principally  on  volume,  slojie 
and  conformation  of  cross-section.  The  first  of  these  is  generally 
recognized  as  by  far  the  most  powerful  ingredient.  The  explanation  of 
its  predominant  influence  has  often  been  given.  It  depends  on  the  fact 
that  the  resistance  of  friction  increases  in  proportion  to  the  perimeter, 
and  that  the  area  increases  in  a  much  greater  ratio.  Of  course,  friction 
is  the  i^rincipal  obstacle  to  free  flow,  and  by  it  the  water  is  prevented 
from  acquiring  a  velocity  indefinitely  great.  In  projjortion,  then,  as  this 
obstacle  is  lessened,  is  the  velocity  subject  to  increase. 

It  is  evident,  however,  that  volume  does  not,  of  itself,  absolutely  con- 
trol velocity,  or  the  correspondence  between  them  would  be  close,  and 
the  velocity  curve  regular,  and  free  from  the  perturbations  above  noticed, 
lu  seeking  the  causes  of  these  perturbations,  our  attention  is  naturallv 
first  directed  to  the  slope.  Let  us,  then,  i^lot  the  slope  of  two  or  more 
adjoining  stations.     Let  the  Helena  observations   of   1882  be  the  first 
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example.*  Let  the  velocities  be  jjlotted  to  time,  forming  what  has  been 
called  a  sequence  of  velocity,  and  compared  with  the  slope  from  Mhoon's 
(30.2  miles  above)  to  Helena,  ami  froaa  Helena  to  Malone's,  49.7  miles 
below,  t  The  slope  is  most  conveniently  expressed  in  decimals  of  a  foot 
per  mile.  (See  Plate  XL.)  With  the  slope  al)ove  there  appears  to  be 
little  connection,  but  the  correspondences  with  the  slope  below  are  very 
noticeable.  They  are  not  minute;:|:  but  considering  the  nature  of  the 
data  they  are  striking,  and  suffice  to  explain  some  of  the  apparent  ano- 
malies in  the  line  of  velocities.  Hence  it  is  evident  that  while  stage 
is  an  important  element  of  discharge,  as  connected  with  volume  and  with 
those  various  factors  which  enter  into  the  velocity  formula,  yet  it  is  not 
absolutely  controlling,  much  less  has  it  any  definite  relation  to  discharge, 
being  often  itself  controlled  by  slope.  In  other  words,  we  frequently 
find  that  a  greater  discharge  will  pass  at  46  feet  of  the  gauge,  than  at  47 
feet,  and  when  this  is  the  case,  we  generally  find  that  the  slope  has  been 
steepened  in  the  former  case  or  flattened  in  the  latter.  Not  always,, 
however.  There  are  other  elements  which  go  to  form  the  velocity. 
The  chief  of  these  is  the  mean  depth,  which  rei^resents  to  some  extent 
both  volume  and  conformation.  This  element  is  given  approximately  in 
the  different  discharge  observations.  Let,  then,  the  mean  depths  be 
plotted.     Now,  there  are  some  other  discrepancies  which  disappear. 

For  another  examjole,  let  the  Arkansas  City  ol)servations  of  1884-85  be 
taken.?  For  the  determination  of  the  slopes  we  have  the  mouth  of  White 
River,  45.1  miles  above,  and  Greenville,  40.2  miles  below,  with  which  to 
compare  it.  l|  (See  Plate  XLI.)  As  there  was  no  great  flood  this  year, 
there  was  no  escape  from  the  channel  of  any  consequence,  and,  as  might 
have  been  expected,  the  correspondences  are  closer,  though  still  for  the 
most  part  confined  to  the  slope  below.  Unfortunately,  we  have  no  dis- 
charge observations  at  Arkansas  City  during  a  very  high  water,  except  the 

*  Report  of  the  Chief  of  Engineers  for  1884,  page  2619. 

t  It  is  not  maintained  that  these  distant  stations  afford  any  accurate  criterion  by  which 
to  judge  of  the  effects  of  slope.  At  best,  they  can  only  be  regarded  as  evidence  of  change* 
of  slope  taking  place  at  those  times.  They  are  the  only  testimooy  we  have,  and  we  must 
make  the  best  of  them.  The  readings  from  which  these  slopes  were  obtained  are  printed  in 
a  pamphlet  entitled  "  Stages  of  the  Mississippi  River  from  Cairo  to  CarroUton."  Missis- 
sippi River  Commission  Print,  1888. 

t  In  plotting  these  slopes,  no  time  allowance  has  been  mide  the  date  referring  to  stage 
at  Helena.  Had  a  time  allowance  beea  made,  the  effect  on  the  lower  of  the  slopes  would  have- 
been  to  advance  them  the  greater  part  of  a  day.  and  make  the  coincidences  generally  closer. 

§  Report  of  the  Chief  of  Engineers  for  1887,  Part  IV,  page  2838. 

t  Stages  of  the  Mississippi  River  from  Cairo  to  CarroUton. 
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isolated  observation  of  1887,  which  is,  however,  of  great  value.  But  we 
have  the  gauge  records  of  several  years.  From  these  we  perceive  that 
there  is  an  important  difference  between  this  case  and  that  of  Helena, 
namely,  that  the  sloj^e  is  much  less,  being  only  0.37  as  against  0.45.  We 
also  perceive  a  point  of  resemblance,  namely,  that  the  slope  increases  with 
the  stage. 

It  is  evident  that  the  latter  phenomenon  is  purely  local.  It  is  well 
known  that  the  high-water  and  low-water  slopes  of  the  river  as  a  whole 
are  nearly  the  same.  From  Helena  to  Arkansas  City  there  is  only  a 
difference  of  0.01  between  them,  and  from  Arkansas  City  to  Vicksburg 
the  low-water  slope  is  the  greater  by  0.03.  Therefore  there  must  be  a 
point  between  Helena  and  Arkansas  City  and  another  between  Arkansas 
City  and  Vicksburg  where  the  reverse  process  takes  jjlace,  and  the  slope 
diminishes  as  the  gauge  height  increases. 

To  endeavor  to  arrive  at  a  clear  idea  of  the  laws  that  govern  the 
slope,  let  the  high  water  profiles  be  plotted  of  such  years  as  are  acces- 
sible to  us  and  have  any  special  significance.  1882,  1883  and  1884  were 
very  much  alike  in  most  respects,  and  one  of  them  will  suflice — 1882— as 
being  the  greatest  and  presenting  the  most  complete  data.  In  1886,  the 
levees  on  the  Mississippi  side  were  complete,  with  the  exception  of  two 
or  three  breaks  of  no  particular  importance.  In  1887,  the  Ai-kansas 
levees  were  finished  above  Arkansas  City,  and  as  far  down  as  Gaines' 
Landing.  In  1888,  for  the  first  time,  the  river  was  entirely  confined  by 
levees  on  both  sides  from  Arkansas  City  to  Vicksburg.  In  1885,  the 
river,  for  all  practical  purposes,  was  within  its  banks  the  whole  year. 
Let  these  suffice  on  the  one  hand,  and  the  low  water  slopes  of  1882 
and  1883,  as  presenting  the  most  and  the  best  determined  data,  on 
the  other.*     (See  Plates  XLII,  XLIII  and  XLIV.) 

We  now  perceive  that  the  peculiarities  alluded  to  a  little  while  ago 
were  merely  particular  instances  of  general  laws.  Had  the  examination 
been  carried  a  little  farther,  it  would  have  been  found  that  at  Red  River 
Landing  a  velocity  of  6.8  was  attained  at  a  slope  of  0.24,  and  that  at 
Carrollton  a  velocity  of  6.16  corresponded  to  a  slope  of  O.lS.f  It  is  evi- 
dent,  then,  that  slope  and  velocity  have  not  a  j)reeisely  defined  relation, 
though  there  is  an  intimate  connection  between  them.     A  given  slojae 

*  The  data  for  1882,  1883  and  1884  are  given  in  the  report  of  the  Mississippi  River  Com- 
mission for  1885.    The  data  for  1886,  1887  and  1388  are  given  in  the  reports  for  those  years. 
1  Report  for  1883. 
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does  not  by  anv  means  necessarily  correspond  to  a  given  velocity;  nor 
does  bringing  the  mean  depths  into  the  matter  helj)  us  to  an  explana- 
tion. The  formula  which  at  one  time  rec[uires  a  co-efficient  of  83,  at 
another  requires  150.  In  fact,  with  equal  velocities  the  high  water  slope 
diminishes  gradually  from  the  head  of  the  alluvial  basin  to  the  Gulf,  and 
this  general  curve  is  broken  into  numerous  subordinate  curves  of  more  or 
less  irregular  figure.  In  considering  these,  we  must  remember  that 
they  were  formed  under  disturbing  circumstances.  In  only  one  of  the 
instances  under  discussion  was  the  river  confined  approximately  within 
its  banks,  and  that  year  succeeded  three  great  flood  years,  and  its  slope 
partook  of  the  irregularities  of  the  bed  which  they  had  transmitted  to 
it.  Part  of  the  broken  appearance  of  the  curve  is  therefore  undoubt- 
edly due  to  differences  of  cross-section  and  volume.  None  of  the  irregu- 
larities are  without  a  reason  ;  and  if  they  are  not  always  explainable, 
it  is  only  because  our  knowledge  is  not  sufficiently  extensive  or  accu- 
rate. 

By  the  conditions  of  its  existence,  the  velocity  of  the  river  is  nearly 
constant  throughout  its  whole  course,  being  that  which  is  comi^atible 
with  the  stability  of  its  banks.  It  is  not  absolutely  constant,  but  suf- 
fers perpetual  oscillations. 

The  statement  that  under  the  condition  of  a  constant  velocity  the 
elope  becomes  progressively  less  is  one  of  great  significance.  So  far  as 
I  know,  the  true  explanation  of  it  was  first  suggested  by  Mr.  Eads,* 
who  attributed  it  to  the  acceleration  consequent  on  the  long  fall.  The 
correctness  of  this  explanation  is  quite  apparent.  If  the  bed  of  the 
river  were  an  inclined  plane,  the  form  of  the  water  surface  would  be  a 
parabola,  modified,  it  is  true,  by  friction,  but  still  preserving  the  prop- 
erty of  an  increasing  velocity  and  a  diminishing  cross-section  as  the  fall 
progressed.  It  is  a  matter  of  common  remark  that  a  ditch  or  trough 
having  a  fixed  inclination  cannot  be  made  to  run  full  at  its  lower  end, 
no  matter  how  much  water  be  poured  into  its  upper  end.  Therefore, 
in  order  that  the  velocity  may  remain  constant,  the  bed  must  be  a  curve 
and  the  surface  a  jjarallel  curve,  the  shape  of  which  has  not  yet  been 
determined.  The  water  surface  which  forms  this  curve  is  that  of  mean 
floods,  not  of  moderate  or  low  stages,  nor  of  excessive  floods.  The  one 
follows  too  closely  the  shape  of  the  bed — that  is,  it  is  controlled  by  the 

*  In  his  testimony  before  the  Burrows  Committee,  page  425.  I  am  not  aware  that  he 
pursued  the  idea  any  further. 
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shoals  and  irregularities  of  that  bed— and  the  other  is  generally  of  too 
short  duration  to  have  a  permanent  formative  influence.  The  measure 
of  this  mean  flood  is  the  bank-full  stage,  as  it  has  been  shown*  that  the 
banks  are  built  up  to  this  stage  and  no  higher.  Floods  less  than  this 
stage,  then,  conform  more  or  less  closely  to  the  low  water  slope,  and 
higher  floods  do  not  preserve  a  constant  velocity,  but  suffer  acceleration. 

The  small  oscillations  to  which  reference  has  been  made  occur 
periodically  in  bends.  In  every  concave  bend  the  velocity  meets  with  a 
check  from  its  abrupt  contact  with  the  bank,  unloads  its  burden  of  sedi- 
ment on  the  crossing  and  reaches  its  minimum  of  velocity  and  of  slope 
on  the  shoal— thence  to  descend  with  aslope  steeper  at  first,  but  becom- 
ing flatter  as  the  velocity  is  accelerated  by  the  fall,  until  at  the  next  con- 
cavity the  process  is  repeated. 

These  oscillations  are  not  represented  on  the  plot,  owing  to  the  insuf- 
ficiency of  the  data;  nor  is  it  necessary  that  they  should  be,  as  their 
influence  is  inconsiderable  on  the  large  scale.  But  the  great  irregulari- 
ties are  of  grave  import,  and  it  is  essential  that  their  causes  should  be 
understood.  It  might  at  first  be  supposed  that  they  arise  simply  from 
the  abstraction  of  large  masses  of  water  by  escape  over  the  banks,  thus 
lowering  the  surface  as  by  a  waste-weir.  Many  of  the  great  depressions 
admit  of  this  explanation,  but  not  all  ;  for  some  of  the  most  striking 
peculiarities  are  as  conspicuous,  though  not  of  so  great  magnitude,  at 
low  water  as  at  high.  Some  are  plausibly  explained  by  the  effect  of 
recent  cut-offs,  or  by  the  escape  of  large  volumes  across  the  necks  of 
points  ;  others  are  principally  or  wholly  attributable  to  deterioration  of 
channel  caused  by  crevasses  or  escapes  over  the  banks  during  great 
floods.  When  it  is  said  that  the  high  water  slope  is  formed  by  mean 
floods,  it  is  on  the  tacit  supposition  that  the  flow  continues  uniform.  If 
it  ba  not  uniform,  then  great  disturbances  of  cross-section  and  volume, 
maintained  throughout  a  considerable  and  prolonged  flood,  will  pro- 
duce changes  in  the  bed  that  will  influence  the  high  water  slope  materi- 
ally and  for  a  long  time,  until  removed.  The  effect  of  the  appUcation 
of  this  theory  to  the  line  of  slopes  is  exactly  opposite  to  that  of  suppos- 
ing the  water  line  lowered  by  waste-weirs.  The  hollows  in  the  line  will 
now  represent  the  places  of  least  escape,  and  the  bumps  the  places  of 
greatest  loss. 


*  See  on  this  subject  a  paper  by  Professor  Mitchell,  in  the  report  of  the  Mississippi 
River  Commission  for  1882,  page  26i. 
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The  deterioration  of  a  channel  is  mainly  clue  to  two  causes.  One  is 
the  disturbance  of  velocity  due  to  the  lateral  movement  of  the  water  as 
it  escapes  over  the  banks  or  through  crevasses;  and  the  other  is  the 
diminution  of  velocity  arising  from  loss  of  flowing  volume.  It  is  not 
admitted  by  all  engineers  that  the  former  agency  has  any  important 
eflfect.  It  is  stated  by  Humphreys  and  Abbot  *  that  no  crevasse,  great 
or  small,  has  any  perceptible  influence  upon  the  thread  of  the  current 
more  than  200  or  300  feet  from  the  bank.  It  would  api^ear  that  it  must 
produce  some  perturbations  of  the  velocity,  sensitive  as  it  is.  "Whether 
it  does  or  not,  none  can  deny  the  effect  of  abstracting  a  large  fraction 
of  the  contents  of  a  river  for  a  considerable  time.  The  amount  of 
sediment  brought  down  by  the  Mississippi  at  flood  height  is  much  less 
at  its  siirface  than  the  mean.f  Consequently,  the  water  that  escapes 
over  the  banks  lessens  the  volume  without  proi^ortionally  lessening  the 
burden.  Hence,  a  deposit  of  sediment  and  a  contraction  of  the  cross- 
section.  Moreover,  were  the  proportion  of  sediment  the  same  after  the 
loss  as  before,  the  resistance  of  friction  becomes  greater  as  the  volume 
diminishes — hence  a  diminution  of  velocity  and  a  fill.  The  result  is 
summed  up  by,  I  think,  Captain  Leach,  in  the  observation  that  a  river 
will  not  tolerate  a  bed  that  is  too  large  for  it.  Therefore,  supposing  a 
river,  through  confinement  by  levees,  to  have  at  one  part  of  its  course  a 
mean  high  water  discharge  of  1  200  000,  and  at  another,  through  a 
break  in  the  levee,  of  only  1  000  000 — yet,  if  this  condition  be  per- 
manent it  will  remain  bank-full  in  the  latter  as  well  as  in  the  former 
case,  in  spite  of  the  esca2)e  through  the  outlet;  and  if  the  break  be 
closed,  it  will  rise  to  an  additional  height  below  the  closure,  and 
will  flatten  the  slope  for  the  time  being,  for  a  considerable  distance 
above. 

The  doctrine  of  stage  and  slope,  then,  may  be  thus  stated:  All  other 
circumstances  being  the  same,  there  is  a  definite  relation  between  stage 
and  velocity,  and  the  higher  the  stage,  the  greater  the  velocity.  But 
with  a  change  of  circumstances,  especially  in  the  matter  of  slope,  there 
is  no  definite  relation  between  stage  and  velocity.  So  likewise,  when 
there  is  a  velocity  which  corresponds  to  a  given  slope  and  stage  at  a 

*  Pages  283  and  284. 

t  See  Humphreys  and  Abbot,  page  134,  and  the  elaborate  current  and  sediment  observa- 
tions, especially  at  St.  Louis,  made  in  1880-81.  Report  of  Mississippi  Eiver  Commission  for 
1882,  pages  116-155. 
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given  place,  then  any  increase  or  diminution  of  the  slope  is  accompanied 
by  a  cori'esponding  change  in  the  velocity.* 

There  are  yet  two  princij^al  causes  of  some  of  the  irregularities  in 
the  flood  line,  and  these  are  the  influence  of  the  great  basins,  acting  as 
reservoirs,  and  the  contributions  of  tributaries— the  two  being  fre- 
quently combined.  As  these  are  matters  of  the  highest  importance,  it 
is  proper  that  they  should  be  thoroughly  discussed. 

The  effects  of  reservoirs  on  so  great  a  scale  and  under  such  varying 
circumstances  are  very  complicated,  and  it  will  conduce  to  a  clearer 
understanding  of  them  to  consider  first  some  simjiler  types,  to  one  or 
another  of  which  the  actual  cases  more  or  less  api^roximate.  Suppose, 
then,  a  river  to  be  divided  for  a  certain  distance  into  two  branches, 
which  are  reunited  below,  as  in  the  case  of  an  island  in  the  Mississippi. 
The  water  proceeds  down  the  two  channels,  each  of  which  has  its 
appropriate  discharge,  gi-eat  or  small,  and  they  mingle  at  the  i^oint  of 
union  with  little  or  no  disturbance.  Consider  now  the  case  of  a  river 
which  expands  into  a  lake,  with  ample  depth  and  unobstructed,  and 
then  issues  Irom  the  lake  by  a  passage  contracted  to  its  former  dimen- 
sions. So  long  as  the  discharge  is  regular,  as  much  water  leaves  the 
lake  as  enters  it.  The  fall  over  the  whole  reach  is  mainly  concentrated 
at  the  head  of  the  lake,  and  the  greater  cross-section  is  compensated  by 
a  diminished  velocity.  Now,  suddenly  let  a  freshet  pour  an  enormous 
volume  into  the  upper  part  of  the  lake.  By  virtue  of  its  favorable 
cross-section,  this  volume  will  be  rapidly  transferred  from  the  upper  to 
the  lower  part  of  the  lake,  and  an  engorgement  will  ensue,  until  the  in- 
<;reased  height  permits  the  jjassage  of  the  increased  discharge.  The 
height  thus  reached  will  be  greater  than  would  have  been  reached  in  a 
stream  of  uniform  cross-section,  and  will  occur  earlier. 

Take  now  the  case  where  the  lake,  instead  of  being  deep  and  unob- 
structed, is  shallow  and  full  of  trees  and  undergrowth.  A  freshet  is 
impeded  in  its  progress,  raises  the  water  at  the  upper  part  of  the  lake, 
and  accjiuires  sufficient  velocity  to  pass  the   discharge.     It  consumes 

♦This  assertion  is  strictly  applicable  only  to  such  places  as  are  origins  of  velocity;  that 
is,  where  the  velocity,  having  received  a  check  from  one  cause  or  another,  takes  a  fresh  start 
toward  acceleration.  In  other  situations,  the  velocity  may  not  correspond  with  slope  at  all, 
but  be  governed  by  the  momentum  already  acquired,  as  has  been  acutely  observed  by 
Captain  Leach,  in  his  observations  on  the  CarroUton  observations  of  1879,  where  there  was 
actually  in  some  instances  a  reverse  slope  (the  river  running  up  hiU)  for  considerable  dis- 
tances. See  Report  of  Mississippi  River  Commission  for  1S82,  page  103;  see  also  the  low- 
water  observations  of  1883,  in  the  Report  of  the  Mississippi  River  Commission  for  1885. 
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time  in  this  effort,  and  arrives  at  the  lower  end  of  the  lake  behind  the 
regular  period.  The  flood  line  at  this  point  is  at  first  lower  than  it 
would  have  been  in  a  confined  stream,  but  it  does  not  afterwards  ma- 
terially exceed  the  normal  height. 

Supi^ose,  instead  of  a  lake  which  is  part  of  the  stream,  a  great  empty 
reservoir,  access  to  which  is  given  by  breaches  in  the  banks  or  levees 
which  confine  the  main  river.  The  surface  of  the  river  will  be  lowered 
and  stay  lowered  as  long  as  the  discharge  into  the  reservoir  progresses 
uniformly  with  the  increase  of  flood  discharge  of  the  river.  After  the 
reservoir  is  filled,  it  will  receive  water  at  the  upper  end  and  discharge 
it  at  the  lower.  It  is  obvious  that  the  effect  upon  the  height  of  the 
stream  at  and  below  the  lower  end  of  the  reservoir  will  depend  upon 
the  time  and  manner  of  return,  and  this  will  depend  upon  which  of  the 
three  types  above  mentioned  the  reservoir  most  resembles.  It  actually 
jjartakes  of  the  nature  of  all  three.  At  first  the  flow  is  over  shallow  and 
obstructed  ground,  then  is  concentrated  into  water-courses  becoming 
deeper  and  deeper,  and  at  the  foot  of  the  basin  it  approximates  to  an 
unobstructed  lake.  If  the  contents  of  the  reservoir  can  be  held  back 
until  the  body  of  the  flood  has  passed,  the  flood-line  will  be  lower  than 
in  a  uniform  stream.  This,  however,  can  hardly  be  the  case  when  the 
reservoir  cannot  be  artificially  closed,  the  water  being  free  to  follow  the 
impulse  of  gravity,  and  with  a  greater  fall  than  in  the  river.  If  it  be 
poured  in  on  j;op  of  the  flood,  it  may  be  higher,  for  this  reason.  If 
there  were  no  crevasse  or  outlet,  but  the  river  were  confined  between 
banks,  it  would  be  doing  its  full  duty.  While  the  crevasse  or  outlet 
(presumably  in  the  upper  part  of  the  basin)  is  open  and  the  surface  of 
the  main  stream  lowered,  then  the  river  is  not  doing  its  full  duty.  Now 
suddenly  return  the  water  lately  abstracted  through  a  channel  at  the 
lower  end  of  the  reservoir,  while  the  flood  is  at  its  height.  As  the  river 
has  been  lately  doing  less  than  its  duty,  so  now  it  will  have  to  do  more, 
and  the  surface  will  be  raised  accordingly  until  it  can  pass  the  discharge. 
Now  what  are  the  facts?  At  Cairo,  in  1882,*  the  top  of  the  rise  of  Feb- 
ruary was  not  past  but  within  0.6  of  its  full  height  on  the  4th  of  that 
month.  The  outflow  from  the  St.  Francis  was  in  full  progress  on  the 
7th,  and  reached  its  height  on  the  13th.  The  second  rise  was  within 
0.2  of  its  crest  on  February  26th.  The  return  swell  at  Helena  began  on 
the  3d  of  March,  and  was  at  its  height  from  the  6th  to  the  10th.     The 

*  stages  of  the  Mississippi  River  from  Cairo-  to  Carrolltoa. 
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flood  wave  of  1883  was  very  strongly  marked.*  It  stood  at  52.08  at 
Cairo  on  the  28th  of  February.  The  outflow  from  the  St.  Francis  began 
about  the  2d  of  March  and  reached  its  maximum  on  the  8th.  Now  a 
flood  wave  should  take  about  three  days  to  pass  from  Cairo  to  Helena, 
It  is  clear,  then,  that  the  return  flow  catches  the  flood.  Another  proof 
of  this  is  that  the  river  in  all  these  instances  had  not  fau-ly  begun  to  fall 
at  Memphis  when  the  return  wave  overtook  it  at  Helena. 

Thi8  proof  is  not  conclusive,  because  it  does  not  show  that  the  water 
which  was  abstracted  from  above  was  returned  suddenly  enough  to  meet 
the  conditions  of  the  hypothesis.     It  would  appear  from  the  movement 
of  the  gauge  at  Helena,  that  its  return  was  sudden— for  the  river  had 
very  nearly  reached  a  stand  in  each  case,  showing  that  little,  if  any,  had 
returned  before  the  great  swell.     After  the  swell  had  passed,  however, 
there  was  still  a  large  mass  that  returned  more  slowly.     At  Helena,  on 
the  15th  of  March,  1882,  the  quantity  that  was  returning  was  estimated 
at  about  475  000  feet  per  second,  the  river  being  then  on  the  decline. 
Two  weeks  afterward,  the  gauge  still  stood  within  2.5  of  high  water; 
and  the  stream  was  not  fairly  within  its  banks  till  nearly  the  middle  of 
April;  so  it  cannot  be  denied  that  a  considerable  portion  of  the  return 
flow  follows  after  the  crest  of  the  rise.     Let  us  see  what  can  be  learned 
from   the   discharge   and    crevasse   measurements.!    At    Hampton,    12 
miles  below  Memphis,  the  maximum  discharge  was  estimated  at  1  210  000 
feet.     Maximum  return  flow  from  Memphis  to  Helena,  including  the 
discharge  of  the  St.   Francis  River,   548  639.     Escape  into  the   Yazoo 
Basin    above   Helena,   268  795.      Net  estimated   discharge   at   Helena, 
1  490  639.     Actual  measured  discharge,   1  562  240.  +    Now  what  should 
have  been  the   maximum   discharge   had  the  St.   Francis  Basin  been 
closed  (leaving  open  the  foot,  of  course,  for  drainage)?    There  passed 
Columbus  about  1  746  000  feet,  of  which  nearly  all  was  in  the  channel 
and  actually  measured.     The  discharge  of  the  St.  Francis  River  was 
estimated  at  52  000,  but  was  evidently  much  greater.     The  observations 
of  1883,   taken  under  very  similar  circumstances,  place  it  at  a  much 
higher  figure.     It  may  easily  have  been  as  much  as  80  000.     Adopting, 
however,  the  estimate  first  given,  and  deducting  268  795,  as  before,  for 

*See  the  hydrograph  of  this  flood,  in  the  paper  on  the  Improvement  of  the  Mississippi 
River.    Transactions,  Vol.  XX,  March,  1889.     Plate  XI V. 

t  Report  of  the  Mississippi  River  Commission  for  1881. 

X  Discharge  observations  at  Helena  in  1882,  in  the  report  of  the  Mississippi  River  Com- 
mission for  1883. 
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escape  into  the  Yazoo  Bottom,  we  have  about  1  530  000  as  the  probable 
net  discharge  at  Helena.  The  diflference  between  this  and  the  actual 
discharge  is  so  small  that  it  may  well  be  regarded  as  within  the  limits  of 
error.  So  far,  then,  both  reason  and  experience  seem  to  point  to  the 
conclusion  that  the  closure  of  the  St.  Francis  Basin  would  not  have  any- 
very  marked  effect  either  in  increasing  or  diminishing  the  maximum 
discharge  at  Helena.     How,  now,  as  to  the  flood  height? 

It  is  not  only  the  quantity  of  water  but  the  manner  of  its  return  that 
has  to  be  considered.  It  was  abstracted  from  the  river  in  such  a  manner 
that  it  probably  had  an  effect  more  or  less  decided  in  diminishing  the 
velocity.  It  is  now  thrust  back  into  the  channel  a  mere  mass  of  brute 
water,  in  a  direction  approximately  perpendicular  to  the  thread  of  the 
current.  Were  it  returned  in  a  direction  parallel  to  the  current,  by  the 
laws  of  collision  the  velocity  of  the  united  mass  would  be  equal  to  their 
combined  momenta  divided  by  the  sum  of  their  masses.  As  it  is,  the 
velocity  of  the  returning  flood  water,  great  or  small,  makes  no  differ- 
ence, for  its  effect  is  null  by  its  direction.  But  even  were  its  direction 
favorable,  the  velocity  does  not  exceed  one  foot  per  second.*  It  may 
easily  be  understood  what  its  deadening  effect  must  be.  To  1  200  000 
cubic  feet  of  water  moving  with  a  velocity  of  5.4  per  second,  add  300  000 
with  a  velocity  of  zero,  or  even  one  foot.  The  resultant  velocity  will  be 
4.5.  It  is  not  proposed  to  use  this  method  quantitatively,  in  ascertaining 
the  additional  elevation  that  must  thus  be  given  at  Helena,  to  communi- 
cate the  observed  velocity  of  G.7.  The  data  are  too  crude  for  such  a 
purpose.  Moreover,  the  flow  was  not  all  projected  in  one  body,  nor  at 
Helena  itself,  but  in  all  quantities,  at  various  points  in  the  vicinity  of  the 
mouth  of  the  St.  Francis  River.  Still  the  principle  is  rigorously  accu- 
rate, as  is  apparent  to  any  one.  The  water  of  the  stream  has  its  own 
duty  to  perform,  in  transporting  its  weight  against  the  resistance  of 
friction.  Give  it  an  additional  quantity,  moving  with  the  same  velocity, 
and  its  task  is  not  increased.  But  impose  upon  it  a  burden,  in  the  shape 
of  an  inert  mass  suddenly  thrust  upon  it,  and  its  labor  will  be  increased 
and  its  velocity  lessened.  It  may  be  said  that  the  returned  water  will 
acquire  its  own  velocity.  So  it  will,  in  time.  In  the  meantime  it  is 
swelling  the  river  to  a  height  beyond  that  which  it  would  have  attained 
had  it  never  been  withdrawn.     Therefore,  while  it  is  very  possible  that 

*  See  the  observations  of  1882  and  1883,  in  the  Report  of  the  Mississippi  Kiver  Commis- 
flion  for  1884. 
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the  dischai-ge  of  1  560  000  would  have  taken  place  whether  the  St. 
Prancis  Basin  had  been  closed  or  not,  it  is  certain  that  the  gauge 
height  at  Helena  was  higher  than  it  would  have  been  in  that  event. 

It  is  to  be  remarked  that  this  reasoning  ajjplies  only  to  great  floods. 
In  small  floods,  the  movement  of  the  overflow  water  is  necessarily  slow 
and  impeded.  It  takes  a  long  time  to  fill  the  reservoir,  and  a  long  time 
to  empty  it.  The  proportion  of  water  permanently  retained  in  the  lakes 
and  depressions  of  the  reservoir — such  as  the  sunken  lands  of  the  St. 
Francis  Basin — is  relatively  large,  compared  with  the  whole.  In  fact, 
there  may  be  overflow  enough  to  fill  the  basin  and  no  more.  Therefore, 
in  such  a  case,  a  reservoir  may  be  positively  beneficial.  Unfortunately 
iu  small  floods  this  beneficial  influence  is  of  no  great  moment. 

We  now  see  why  it  was  that  the  velocity  at  Helena  and  Arkansas  City 
was  so  little  affected  by  the  slope  as  compared  with  stations  above,  as 
Mhoon's  and  the  mouth  of  White  Biver.  Between  those  stations  and 
the  principal  points  there  was  interi^osed  the  disturbing  influence  of  the 
volume  of  returning  water  from  the  swamp  and  tributary.  Had  we 
chosen  a  station  like  Hays'  Landing,  we  would  have  found  that  the 
velocity  at  high  water  sympathized  with  the  slope  as  compared  from 
above  rather  than  with  that  from  below,  because  this  time  the  disturb- 
ing influence  is  on  the  lower  side,  between  Hays'  and  Yicksburg  (see 
Plate  XLY),  and  compare  the  slope  Greenville-Hays'  (unfortunately 
defective)  with  the  slope  Hays'-Yicksburg.  The  slope  Lake  Provi- 
dence-Hays' (not  plotted  on  the  jjlate)  corresponds  closely  to  the  slope 
Hays'-Yicksburg,  showing  that  the  velocity  at  Hays'  is  affected  more 
by  momentum  than  by  slope.     The  change  really  occurs  about  Ashton. 

The  data  for  the  Yazoo  Basin  are  much  less  satisfactory  than  for  the 
St.  Francis.  We  lack  the  important  advantage  of  places  like  Columbus 
at  the  head  of  the  basin  and  Helena  at  the  foot,  where  the  discharges 
were  measured.  Furthermore,  the  phenomena  along  that  front  were 
greatly  complicated  by  the  large  escape  over  the  Tensas  front,  directly 
opposite.  The  method  of  reasoning,  however,  is  exactly  the  same. 
The  case  of  the  Yazoo  Basin  is  stronger  on  account  of  its  perfect 
system  of  drainage,  and  the  greater  quantity  of  clear  and  unobstructed 
waterway. 

The  entrance  of  tributaries  into  the  main  stream  is  governed  by  the 
same  laws.  If  the  angle  of  impact  be  favorable  and  the  velocities  of  the 
two  streams  equal,  the  flood  wave  resulting  will  be  of  uniform  height — 
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that  is,  its  crest  will  be  parallel  to  the  surface  of  the  main  stream  so- 
long  as  the  supply  continues  unaltered.  Bat  if  the  velocities  are  un- 
equal, then  one  or  the  other  stream  will  contribute  material  faster  than 
the  resultant  velocity  will  carry  it  off,  and  there  will  be  a  rise  at  the 
point  of  junction,  "flattening  out"  as  it  proceeds  down  stream. 

It  is  high-water  conditions  that  now  interest  us,  and  at  such  times 
the  entrance  of  the  tributary  waters  into  the  Mississippi  is  always 
modified  by  discharge  into  an  intermediate  reservoir.  As  the  Arkansas 
and  White  Rivers  are  the  most  important  contributors  to  the  flood 
waters  of  the  Lower  Mississipi^i,  we  will  speak  jjarticularly  of  them. 
These  streams  interosculate  near  their  mouths,  and  jiour  their  discharge 
through  two  channels,  but  principally  through  the  mouth  of  "White 
River.  It  has  been  observed,  many  years  ago,*  that  tributaries  fre- 
quently manifest,  at  their  mouths,  the  same  tendency  that  the  main 
stream  does  at  its  debouchement  into  the  sea,  namely,  to  form  deltas. 
The  cause  is  the  same — the  discharge  into  a  stagnant  basin — and  the 
explanation  is  well  known. 

The  Wuite  River  Basin  is  an  oblong  area,  of  an  average  width  of 
perhaps  13  or  14  miles,  from  the  uplands  of  Arkansas  on  the  one 
side  to  the  Mississippi  levees  on  the  other,  and  about  fifty  miles 
long  from  its  head,  just  below  Helena,  to  the  Cypress  Creek  line  of 
levees,  which  is  the  beginning  of  the  Arkansas  and  Louisiana  system 
along  the  Tensas  Front.  The  upper  portion  of  the  White  River  Front 
is  protected  by  levees,  and  one  or  two  limited  areas  are  encircled  by 
embankments  built  at  private  expense.  This  basin  is  filled  by  overflow 
from  the  Mississippi  at  high  stages.  Previously  to  the  reconstruction 
of  the  line  of  levees  along  the  bank  of  Cypress  Creek  (known  as  the 
Opossum  Fork  Levee)  the  lower  end  of  the  White  River  Basin  was 
open  and  discharged  directly  into  the  Tensas  Basin,  pouring  down  a 
vast  body  of  overflow,  which  has  been  variously  estimated,  but  was 
always  considered  by  the  Louisiana  people,  whom  it  affected,  as  of  great 
extent  and  consequence.  In  1885  and  1886  the  line  just  alluded  to  was 
rebuilt,  but  suffered  numerous  breaches  in  the  latter  year.  In  1887  it 
was  successfully  held,  and  it  is  now  both  high  and  strong.  Considered 
merely  as  a  reservoir  it  might  be  thought  that  the  influence  of  the 
White  River  Basin  would  be  inappreciable  on  account  of  its  compara- 

*  See  a  very  interesting  and  able  pamphlet  by  Colonel  Albert  Stein,  on  the  Improvement 
of  the  Mississippi  River,  printed  at  Philadelphia  in  1842,  page  5. 
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lively  small  extent.  It  does  not  take  long  to  fill  it- and  it  might  be 
supposed  that  the  discharge  of  the  main  river  would  pass  freely  through 
the  overflow  as  between  banks  of  water.  So  doubtless  it  would  were 
the  swamp  water  absolutely  stagnant.  But  this  it  is  not.  It  keeps- 
flowing  from  the  main  river  at  the  upper  part  of  the  basin,  and  into  the 
river  at  the  lower  part.  Therefore  a  part  of  the  work  of  the  river  is 
spent  in  overcoming  the  resistances  thus  intruded  into  the  system. 
This  effect  should  be  perceptible  in  an  increased  elevation  at  Arkansas 
City  and  a  slightly  delayed  high  water  at  that  point.  These  phenomena 
are  usually  so  complicated  with  those  arising  from  the  inflow  of  the 
tributaries  that  it  is  not  easy  to  verify  such  reasoning  by  the  test  of 
fact.  It  is  tolerably  certain  that  some  effect  is  produced,  but  it  is  hard 
to  say  how  much. 

Now  as  to  the  effect  of  the  tributary  waters.     Though  the  basin  is- 
full  at  high  water  time,  and  frequently  "backs  up"  the  tributary,  yet 
the  latter  does  not  by  any  means  lose  its  identity  on  this  account,  nor- 
is  its  velocity  merged  in  that  of  the  lake-like  expanse.     In  1882,  when 
the  Mississippi  was  only  a  Httle  past  its  extreme  height,  and  the  White 
and  Arkansas  Rivers  were  comparatively  low,  yet  the  current  at  the 
principal  common  mouth  was  4  feet  per  second,  and  at  the  secondary 
mouth  (that  of  the  Arkansas)  more  than  2  feet.*     No  better  Hlustration 
could  be  desire  1  of  the  conservation  of  acquired  velocity,  maintaining 
itself  against  slope.     What  the  high  water  velocities  of  these  streams 
may  be  I  do  not  know.     The  obliquity  at  which  the  White  Eiver  meets- 
the  Mississippi,   as  shown  by  the  maps,  is  apparently  favorable,  and 
the  flood-line  presents  few  indications  of  any  prominence  of  waves  at 
that  point.     In  fact.  White  Eiver  is  not  a  striking  illustration  of  the 
rule  commonly  laid  down  that  the  oscillation  at  the  mouths  of  tribu- 
taries is  excessive,  as  compared  with  that  at  intermediate  points.     The 
reason  of  this  no  doubt  is  that  in  this  situation  the  tributary  presents 
itself  at  a  favorable  incUnation,  and  little  engorgement  is  produced; 
and  its  effects  are  separated  from  those  of  the  reservoir- the  latter  being 
most  prominent  below.     It  is  otherwise  with  the  Arkansas.     The  re- 
turn flow  from  the  basin  is  discharged  between  the  mouth  of  the  latter- 
river  and  Cypress  Creek,  just  above  Arkansas  City. 

Nevertheless  the  range  between  high  and  low  water  is  still  greater 

*  Report  on  the  White  River  Front  for  1882,  in  Report  of  Mississippi  River  Commission 
for  1884,  page  76. 
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than  at  the  intermediate  points;  and  the  rule  as  laid  down  is  generally 
correct.  A  great  part  of  this  excessive  oscillation  is  very  justly 
attributed  by  the  Mississippi  River  Commission  to  the  depression  of 
low  water  at  the  former  localities.*  At  Helena  I  have  noticed,  as  no 
doubt  others  have  done,  that  the  mean  bed  of  the  river,  which  at 
moderate  stages  is  about  on  a  level  with  the  zero  of  the  gauge,  at  low 
water  is  ten  feet  or  so  below  it.  This  phenomenon  is  not  of  universal 
occurrence,  though  whether  it  is  confined  to  the  mouths  of  tributaries  I 
cannot  say.  It  seems,  however,  to  characterize  such  situations.  See 
Plate  XLVI,  which  shows  the  diflference  between  the  mean  depth  and 
the  gauge  reading  at  Helena  in  1882  and  1884-85,  at  Hays'  Landing 
in  1882,  at  Arkansas  City  in  1884-85,  and  at  Warrenton  (just  below 
Vicksburg)  in  1884-85,  thus  giving  the  depression  of  the  mean  bottom 
beneath  the  zero  of  the  gauge.  This  depression  is  probably  caused  by 
the  scour  from  the  discharge  of  the  tributary,  the  effects  of  which  are 
generally  most  conspicuous  at  low  water. 

But  a  considerable  portion  of  the  oscillation  miist  be  attributed  to 
excess  of  height  as  well  as  of  dejith.  The  phenomenon  known  as  the 
"  flattening  out "  of  flood  waves  is  well  recognized  ;  and  it  occurs  most 
frequently  with  waves  from  tributaries.  It  wHl  not  do  to  ascribe  this  to 
an  absolute  difference  of  discharge  between  the  mouth  of  the  tributary 
and  the  station  below  ;  that  is,  to  say  that  the  flood  wave  being  short 
and  sharp,  and  the  layers  thereof  traveling  with  different  velocities,  a 
high  water  above  for  one  day  is  equivalent  to  a  lower  water  below  for 
two  days — for  the  same  thing  is  observed  for  prolonged  high  stages, 
where  the  discharge  is  necessarily  equalized  for  great  distances.  The 
true  explanation  unquestionably  is  the  same  as  that  given  for  the 
excessive  elevation  of  the  returning  flood  water  at  Helena  ;  that  is,  that 
it  is  projected  into  the  main  stream  with  an  unfavorable  velocity  and 
direction,  and  an  engorgement  must  result  until  increased  height  gives 
the  requisite  velocity — which  height  wdll  be  less  as  the  velocity  becomes 
accelerated  by  the  fall — and  the  higher  and  sharjjer  the  wave,  the 
quicker  and  more  decided  the  "  flattening  out." 

It  is  probable  that  a  great  part  of  the  excess  in  height  here  alluded 
to  is  due  to  the  influence  of  the  reservoir  rather  than  of  the  tributary. 
The  actions  of    the  two  are  usually  inextricably  intermixed.     It  is 

•  See  Report  of  the  Mississippi  River  Commission  for  18S4,  page  16. 
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certain  that  the  largest  tributaries — the  White  and  Arkansas — show 
much  less  excess  in  height  than  the  St.  Francis  and  Yazoo— and  this 
may  rationally  be  attributed  to  the  smallness  of  the  "White  River  Basin 
as  compared  to  the  others. 

The  attentive  observer  will  not  fail  to  remark  that  even  at  the  time 
of  its  greatest  upward  oscillation,  the  flood- line  at  the  mouth  of  White 
River  is  very  little  elevated.*  In  fact,  leaving  out  minor  variations,  the 
slope  Helena-White  River  is  materially  greater  than  the  slope  White 
River- Arkansas  City.  In  the  typical  year  1887  these  slopes  were  0. 37 
and  0.30.  These  relations  are  altered  by  the  conduct  of  the  tributaries. 
Thus  in  the  two  rises  of  1885,  the  slopes  Helena- White  River  were 
respectively  0.35  and  0.33 — the  slopes  White  River-Arkansas  City  0.30 
and  0.32.  This  brings  to  our  attention  the  fact  formerly  adverted  to 
that  volume  exercises  a  most  important  influence  on  velocity — one  difii- 
cult  indeed  to  submit  to  calculation,  but  very  potent  notwithstanding. 
It  was  remarked  long  ago  by  the  Italian  engineers,  who  had  to  wrestle 
with  the  same  problems  as  ourselves,  that  the  introduction  of  affluents 
into  a  stream  was  followed  by  a  flattening  of  the  sloiDe  below  the  junc- 
tion.! In  si)iteof  this  adverse  influence,  the  velocity  goes  on  increasing. 
In  1S85,  at  the  height  of  the  January  rise,  the  greatest  velocity  at 
Helena  was  1.96— at  Arkansas  City,  5.37.  During  the  April-May  rise,. 
the  velocities  were  j^robably  about  •i.7  and  5.4. 

It  must  be  remembered  that  i^oints  intermediate  between  tributaries 
are  also  places  of  small  discharge,  where  the  "waste-weir"  system  has 
had  full  play.  It  is  not  possible  that  flood  heights  should  be  excessive 
where  there  is  perpetual  escaj^e  over  the  banks  and  no  return,  as  along 
the  Tensas  Front,  and  the  deterioration  of  the  channel  acts  in  further- 
ance of  the  same  end — so  that  in  such  places  the  flood  height  is  lowered 
and  the  low-water  mark  raised — a  process  precisely  the  reverse  of  that 
which  takes  place  at  the  mouths  of  tributaries. 

It  is  hoped  that  the  irregularities  in  the  flood-line  are  sufiiciently 
accounted  for,  and  the  laws  which  govern  the  movements  of  the  flood- 
waters  sufficiently  discussed.  We  may  now  proceed  to  the  practical 
question  as  to  the  flood  heights  to  be  expected  in  the  future,  under  the 
changed  conditions  Avhich  have  occurred  since  the  ei^och  of  the  great 
floods,  and  such  other  changes  as  may  be  reasonably  anticiijated. 

*  See  Plates  XLII  and  XLIU. 

t  See  Frisi  on  Kivers  and  Torrents  (English  translation,  page  115). 


■5812  STARLING   ON   MISSISSIPPI   FLOOD   HEIGHTS. 

In  the  j)resent  paper  it  is  not  intended  to  go  higher  than  Helena. 
An  investigation  of  high-water  heights  above  that  point  would  require 
an  accurate  local  knowledge,  and  may  be  undertaken  by  these  better 
qualified. 

While  the  closure  of  the  St.  Francis  Front  may  be  regarded  as  a 
certainty  at  some  time  in  the  future,  it  is  not  imminent.  Whatever 
progress  is  made  in  that  direction  may  be  expected  to  effect  a  re- 
duction in  the  high-water  mark  at  Helena.  But  it  is  a  matter  of 
absolute  uncertainty  how  great  this  progress  may  be.  Therefore  we 
•cannot  count  upon  it  at  all,  and  our  reasoning  must  proceed  as  though 
ithe  existing  state  were  to  be  maintained. 

In  1884r-85  the  closure  of  the  Yazoo  Front  was  completed.  In  1886 
there  came  a  considerable  flood,  not  so  great  as  1882,  1883  or  1884,  but 
sufficient  to  fill  the  SL  Francis  Bottom  to  its  full  capacity.  That  year 
the  Helena  gauge  attained  a  height  of  48.1 — 0.9  higher  than  in  1882. 

It  is  of  great  consequence  to  us  to  know  the  discharge  in  1886,  but 
unfortunately  the  data  with  which  to  determine  it  are  very  scanty.  It 
was  not  measured  anywhere.*  The  gauge  at  Cairo  stood  at  0.85  less 
than  in  1882;  at  Columbus,  0.07  les,s;t  at  New  Madrid,  0.85  less.  The 
slight  engorgement  at  Columbus  indicates  that  the  velocity  was  some- 
what less  than  in  1882 — else  why  so  great  a  gauge-height  for  a  less  flood? 
By  comparing  the  observation  of  March  Ith,  1882,  when  the  slope 
<Cairo-Columbus  was  almost  exactly  the  same,;}:  and  allowing  for  the  in- 
crease in  mean  depth,  a  2*robable  velocity  is  found  of  7.91,  and  a  dis- 
•charge  of  1  497  213. 

In  1882,  at  the  observation  stage,  when  the  Cairo  gauge  was  3. 19  feet 
fbelow  the  high  water  mark  of  1886,  the  escape  over  the  banks,  which 
passed  the  latitude  of  Columbus,  was  estimated  at  48  311 — at  the  maxi- 
mum stage  it  was  89  000— so  for  1886  it  may  fairly  be  estimated  at  78  000 — 
or  say,  altogether,  for  the  whole  discharge  past  Columbus,  at  1  575  000. 
This  should  nearly  all  have  been  concentrated  and  passed  New  Madrid 
in  the  channel,  as  against  1  746  000  in  1882— and  the  estimate  seems 
to  be  reasonable.     The  discharge  of  the  St.  Francis,  which  ai^pears  to 

*  This  was  not  the  fault  of  the  Mississippi  River  Comtuission,  but  was  the  result  of  the 
failure  of  appropriations  by  which  the  most  valuable  labors  of  that  body  were  subjected  to 
^serious  and  long  continued  interruption. 

t  Mean  of  the  Columbus  and  Belmont  gauges. 

J  There  is  no  station  below  with  which  to  compare  it.  Even  at  New  Madrid  there  is 
cio  daily  record  for  1882. 
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Lave  been  at  a  moderate  stage,*  may  be  placed  at  its  mean  of  31  000. 
Deduct  20  000  for  the  crevasse  at  Austin,  and  we  will  have  1  586  000 
for  the  maximum  discharge  at  Helena,  and  it  is  probably  well  within 
the  truth.  From  the  extreme  rapidity  with  which  it  was  poured  down, 
and  the  still  more  rapid  recession  of  the  flood,  it  is  probable  that  the 
reservoir  rather  increased  the  discharge  than  diminished  it. 

By  examining  carefully  the  reports  of  the  measurements  of  the  water- 
escape  over  the  St.  Francis  Front  in  1882  and  1883,t  we  may  form  a  pretty 
correct  idea  of  the  movement  of  the  waters  both  of  the  river  and  of  the 
swamp.     In  both  these  years,  we  perceive  a  great  flow  from  the  river 
into  the  reservoir  between  New  Madrid  and  Memphis,  the  latter  place 
being  regarded  as  about  on  the  dividing  line  between  inflow  and  out- 
flow.    The  observations  of  1883  are  especially  valuable,  as  they  began 
at  the  time  of  high  water  at  Cairo  and  accompanied  the  flood  down  the 
river,  terminating  with  the  exact  time  of  high  water,  or  the  swell  from 
the  return  flow,  at  Helena.    In  1883,  then,  it  appears  that  from  Memphis 
to  a  mile  or  two  above  the  mouth  of  the  St.  Francis  Eiver,  the  main 
stream   and  the  reservoir  formed,    in  efi"ect,  one   continuous  sheet   of 
water,  there  being  no  return  flow  of  any  consequence,  as  is   evident 
from  the  fact  that  at  St.  Francis  Island  there  had  been  returned  only 
some  32  000  feet  of  discharge  since  leaving  Memphis.    Vast  quantities  of 
water  escaped  over  the  banks  in  bends,  only  to  return  over  the  point 
into   the   bend  below.     By  the  time  the  vicinity  of  the   St.  Francis  is 
reached,  the  basin  is  extremely  narrow— only  five  or  six  miles  wide— and 
the  water  is  impounded  there.     As  the  river  falls,  the  reservoir  begins 
to  empty  itself  higher  up,  and  in  1882  (the  examination  being  made  a 
week  after  the  maximum   stage)  there  was  found  to  be  a   considerable 
■escape  all  the  way  from  Memphis  down. 

It  is  not  easy  to  reason  satisfactorily  from  1882  to  1886,  as  the  cir- 
cumstances of  the  two  years  were  not  at  all  similar.  Between  1883  and 
1886  the  comparison  is  closer.  We  may  reason,  therefore,  from  1882  to 
1883,  and  from  1883  to  1886. 

The  great  increase  of  discharge  in  the  last  foot  and  a  half  at  Helena 
in  1882  X  (about   300  000  feet)  was  due  to   the  steepness  of  the  slope. 

*  The  Wittaburg  gauge  was  very  high,  but  it  cannot  be  depended  on,  as  it  was  affected 
by  the  overflow  water.  White  River,  which  runs  parallel  to  the  St.  Francis,  and  is  affected 
by  similar  conditions,  stood  on  the  27th  of  April  at  16  feet  at  Jacksonport. 

t  Report  of  the  Mississippi  River  Commission  for  1884. 

t  Report  of  Mississippi  River  Commission  for  1883,  and  see  the  discharge  curve  as 
plotted  in  the  plates  accompanying  that  report. 
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This  is  not  fairly  represented  by  the  slope  Helena-Malone's,  which  was 
0.43.  The  slope  Helena-Delta  (8  miles  below)  was  0.60,  and  Helena- 
Friar's  Point  (13  miles  below)  0.53.  On  the  other  hand,  the  slope  Trot- 
ter's Landing  (3  miles  above)-Heleaa  was  only  0.42.  The  mean  slope 
Trotter's-Friar's  Point  was  0.51.* 

Tliese  irregularities  are  partly  due  to  several  crevasses  in  the  vicinity 
of  Helena,  and  in  the  immediate  neighborhood  of  the  places  just  men- 
tioned.    Partly  also  they  are  due  to  the  stage  and  the  circumstances. 

In  1886  these  gaps  had  been  closed,  and  the  slope  Helena-Friar's 
Point  was  0.48  instead  of  0.53.  On  the  other  hand,  the  slope  Trotter's- 
Helena  was  steepened  to  0. 73.  From  Trotter's  to  Friar's  Point  the  slope 
was  a  trifle  steeper  than  in  1882,  being  0.52.1  Above  Trotter's,  1886  was 
higher  than  1882,  in  a  diminishing  ratio  as  we  ascend,  until  Austin  is 
reached,  after  which  it  is  lower.  These  circumstances  would  seem  to 
indicate  that  the  engorgement  began  higher  up  in  1882,  that  its  wave 
was  flatter,  its  crest  lower  down  and  of  less  altitude.  These  circum- 
stances partially  offset  one  another  so  that  on  the  whole,  even  with  a 
greater  depth  in  1886,  and  a  greater  mean  slope,  the  velocity  may  have 
been  little  more  than  in  1882.  The  additional  0.9  foot,  then,  of  gauge- 
height  would  not  give  a  proportionate  increase  of  discharge,  and  per- 
haps 1  600  000  would  cover  it. 

The  flood-line  of  1883,  from  Memphis  down,  was  almost  j^arallel  to 
that  of  1882,  and  a  trifle  lower.  The  situation  at  Helena  was  very  similar 
in  every  respect,  and  the  discharge  of  the  two  years  must  have  been 
nearly  the  same,  1883  being  a  little  less. 

There  is  a  considerable  resemblance  between  1883  and  1886,  as  far 
down  as  Austin,  the  high-water  marks  of  the  two,  where  they  can  be 
compared,  being  usually  very  close  together — the  greater  volume  of  the 
former  being  offset  by  the  escape  into  the  Yazoo  Bottom,  which  from 
Memphis  to  Austin  was,  in  1883,  estimated  at  125  000.  In  1886  it  was 
perhaps  20  000 — from  a  crevasse  at  Austin.  There  probably  reached 
Austin,  in  1883,  about  1  675  000  feet  of  discharge— and  not  much  less 
in  1886.  This  may  serve  for  a  rough  check  on  the  computations  just 
made.  From  Austin  down  1886  gained  rapidly  on  1883,  owing  to  the 
closure  of  the  numerous  breaks  in  the  Mississippi  levees,  whereby  some 
166  000  feet  were  added  to  the  discharge. 


*  High  water  observations  of  1882,  in  Report  of  Mississippi  River  Commission  for  1885. 
t  High  water  observations  of  1886,  in  Report  of  Mississippi  River  Commission  for  1887. 
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The  reason  that  so  much  importance  is  attached  to  the  discharge  of 
1886,  is  that  it  occurred  substantially  under  the  conditions  that  must 
prevail  in  the  future.  The  White  River  Basin  can  be  closed  only  for  a 
limited  distance,  and  whatever  may  be  done  there  hereafter  cannot 
greatly  affect  the  result.  If  it  could  be  known  with  exactitude  how 
much  water  passed  Helena  at  the  height  of  the  flood  of  that  year,  we 
could  reason  with  considerable  accuracy  as  to  results  to  be  reached  in 
the  river  below.  It  is  thought  it  may  be  assumed,  keeping  within  the 
figures,  at  1  600  000.     Very  possibly  it  was  1  650  000  or  more. 

What  may  now  be  expected  to  hapijen  when  200  000  feet  are  added 
to  this  ?  In  1882  such  an  increment  raised  the  gauge  only  one  foot, 
under  the  steep  and  constantly  increasing  slope  just  mentioned.  Is  this 
phenomenon  likely  to  be  repeated  in  the  future  ? 

In  the  first  place,  what  was  the  eftect  of  the  crevasses  above  and 
below  Helena,  in  1882,  on  the  slope,  velocity  and  gauge-height  ?  There 
were  a  series  of  crevasses  in  the  neighborhood  of  Trotter's  Lauding,  3  to 
10  miles  above  Helena,  discharging  about  150  000  feet,  and  three  or  four 
nearly  opposite,  discharging  21  080.  There  was  a  break  just  below 
Helena,  on  the  White  River  Front,  with  a  discharge  of  63  000,  and 
one  a  mile  and  a  half  above  Delta,  or  6.5  below  Helena,  with  a 
discharge  of  40  650,  besides  numerous  smaller  gaps,  the  most  notable 
of  which  was  six  miles  below  Friar's  Point,  with  a  discharge  of  28  000. 
Total  from  Helena  to  nineteen  miles  below,  181  700.* 

Observation  shows  that  a  crevasse  depresses  the  flood-line  in  its  imme- 
diate vicinity,  and  to  some  extent  both  above  and  below — the  principal 
part  of  the  effect  being  local  and  at  the  crevasse  itself;  that  is,  there  is  a 
hollow  in  the  high-water  profile  at  that  point,  the  slojDe  being  steepened 
above  and  flattened  below.  A  crevasse  above  a  given  point  diminishes 
the  discharge  at  that  point  by  the  amount  withdrawn,  diminishes  the 
velocity,  and  for  that  reason  does  not  proportionally  lessen  the  flood 
height.  A  crevasse  below  a  given  i^oint  increases  the  velocity  and 
diminishes  the  flood  height  at  that  point.  The  diminution  of  flood 
height  can  never  be  equal  to  that  which  takes  place  at  the  crevasse  itself. 
Lat  A  Che  the  slope  of  a  confined  stream.  Let  a  breach  be  made  in  the 
levee  at  B,  depressing  the  flood-line  at  that  point  by  one  foot.  This 
steepens  the  sloiJe,  increases  the  velocity  and  lowers  the  flood-line  at  ^4. 

*  Crevasse  Observations  of  1882,  in  Report  of  the  Mississippi  River  Commission  for  JS^i. 
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It  cannot,  however,  lower  it  by  so  much  as  one  foot.     If  it  did,  it  would 
restore  the  slope  to  what  it  Avas,  and  the  reduced  gauge-height  would  not 


-^V- 


"be  sufficient  to  pass  the  discharge.  Moreover,  in  that  case,  the  flatter 
slope  from  B  to  C  would  cause  a  "  backing  up  "  of  the  water  at  B  and 
from  there  to  A. 

Now,  in  1882,  had  there  been  no  breaks,  the  slope  Helena-Friar's 
Point  could  not  have  been  less  than  in  1886,  namely,  0.48.*  The  dif- 
ference between  this  and  the  actual  slopes  (0.60  to  Delta,  0.53  to  Friar's 
Point)  shows  the  maximum  possible  depression  caused  by  the  breaks  of 
1882,  i.  e.,  0.96  at  Delta  and  0.65  at  Friar's  Point.  Therefore,  had  there 
even  been  no  compensating  influence  in  the  shape  of  the  breaks  above, 
the  water-line  at  Helena  could  not  have  been  lowered  by  so  much  as  one 
foot  by  the  breaks  below,  and  consequently  a  fraction  of  a  foot  more  at 
Helena,  had  the  levees  been  intact,  would  have  carried  all  the  discharge 
that  passed  there  in  the  channel. 

The  great  increase  of  velocity  in  1882  which  occurred  at  the  height 
of  the  flood,  and  upon  which  so  much  stress  is  laid,  could  not  have  been 
materially  assisted  by  the  breaks  at  Helena  and  Delta.  Those  breaks 
had  been  discharging  a  long  time  when  the  great  increase  of  slope 
occurred.  Now  the  rise  at  Helena  could  not  possibly  have  increased  the 
discharge  through  the  breaks  by  more  than  20  000  feet — w^hereas,  the 
increase  of    the   discharge  at  Helena  was  300  000.     The  steepening  of 

*If  it  be  objected  that  1886  had  a  greater  discharge  than  1882,  and  that  the  slope  assumed 
is  too  steep,  it  is  answered  that  in  1887,  with  a  discharge  confessedly  less  (by  170  000  or  more) 
and  a  gauge-height  0.9'  less  than  in  1882,  and  without  a  crevasse  anywhere,  the  slope  Helena- 
Friar's  Point  was  0  44. 
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the  slope  was  therefore  not  due  to  the  crevasses  below,  and  would  not 
have  been,  had  there  been  none  above  to  compensate  them. 

As  things  actually  were,  the  great  breaks  above  and  below  produced 
opposite  effects  and  offset  one  another,  so  that  the  slope  was  not  essen- 
tially altered. 

There  is  no  reason,  therefore,  why  the  experience  of  1882  should  not 
be  repeated.  The  very  nature  of  an  engorgement  arising  from  the  cause 
supposed — that  is,  from  a  sudden  influx  of  dead  water— necessarily  implies 
a  steepening  greater  than  the  ordinary,  followed  by  a  "flattening  out." 
Had  the  flood  gone  still  higher,  there  is  no  reason  to  doubt  that  the 
slope  and  the  velocity  would  have  gone  on  increasing.  The  same  reasons 
which  availed  to  increase  the  slope  to  0.51  would  have  brought  it  to  0.60 
or  so,  which  is  about  what  would  be  required  to  pass  1  800  000  feet  at 
an  additional  elevation  of  one  foot.  The  velocity  required  would  be 
7,55. 

In  the  meantime  the  regimen  of  the  river  has  undergone  a  change. 
The  channel  from  Trotter's  to  Friar's  Point  has  suffered  the  natural 
consequence  of  the  immense  losses  of  water  which  it  experienced,  and  a 
manifest  deterioration  has  taken  place.  *  This  process  has  already  been 
alluded  to.  Many  years  ago,  it  was  explained  with  great  force  and 
clearness  by  Major  Barnard,!  who  remarked  that  a  very  short  time  was 
required  for  its  operation  to  become  manifest.  "One  season  of  high 
water,"  says  he,  "is  sufficient  to  complete  the  change;  the  succeeding 
rise  in  the  river  being  governed  by  the  new  order  of  things."  By  so 
much  the  more  should  a  marked  silting  up  of  the  channel  follow  three 
such  extraordinary  floods  as  those  of  1882,  188-3  and  1881. 

Accordingly,  in  1886,  with  a  discharge  i^erhaps  not  much  more  than 
in  1882,  the  river  was  1,47  higher  at  Trotter's,  0.9  higher  at  Helena  and 
1.38  higher  at  Friar's  Point.  Therefore  the  flood-line  has  probably  been 
raised  materially.  "Were  the  dischai'ge  of  that  year  known  with  precis- 
ion, we  shoiild  have  an  accurate  measure  of  this  rise. 

The  violent  change  brought  about  by  the  sudden  rebuilding  of  the 
Mississippi  levees  has  now  done  its  worst.  The  new  regimen  of  the  river 
has  been  established.  Should  another  1882  come,  it  will  find  the  situa- 
tion the  same  as  before,  except  for  the  elevation  of  the  flood-line  perhaps 

*This  is  the  opinion  of  Major  Dabney,  Chief  Engineer  of  the  Yazoo-Mississippi  Levee 
District.     See  his  Report  of  August  21st,  1888. 

tin  his  well  known  letter  to  Mr.  G.  W.  E.  Bay  ley,  printed  at  Baton  Kouge  in  1860. 
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the  greater  part  of  a  foot.*  The  recurrence  of  the  same  conditions  will 
bring  about  substantially  the  same  results.  The  conclusion  I  draw  is 
that  the  experience  of  1882  is  a  safe  precedent  for  the  future  ;  and  that 
one  foot  above  1886,  or  a  gauge-height  of  49.1,  is  likely  to  be  sufficient  to 
carry  off  a  discharge  of  1  800  000  feet.  It  must  not  be  forgotten,  how- 
ever, that  at  the  turning  point  of  a  flood,  the  velocity  is  sometimes 
slackened  a  little,!  and  a  margin  of  safety  of  a  foot  might  be  required, 
so  far  as  Helena  itself  is  concerned. 

In  considering  the  reach  from  Helena  to  Arkansas  City,  the  experi- 
ence of  1886  will  not  be  a  safe  guide.  It  is  true  that  the  two  or  three 
breaks  in  the  ujjper  Levee  District  of  Mississijipi  were  insignificant — but 
there  were  considerable  gaps  in  the  levee  at  the  foot  of  the  White  Kiver 
Basin,  which  divides  that  area  from  the  Tensas  Basin.  In  1887,  how- 
ever, this  line  was  held,  as  well  as  all  the Mississii^pi  levees.  Moreover, 
the  high  water  discharge  was  measured  at  Arkansas  City.  Therefore, 
we  shall  have  to  rely  mainly  upon  what  we  can  learn  from  this  flood  and 
that  of  1888. 

The  flood  of  1887  did  not  reach  so  great  a  height  as  1886  at  Cairo,  New 
Madrid,  Helena  or  Arkansas  City,  but  it  was  in  total  volume  greater 
than  1886,  and  accordingly  produced  a  more  considerable  effect  in  the 
lower  part  of  the  Mississippi  Valley.  It  is  too  often  forgotten  that  an 
extreme  gauge-height  at  the  head  of  an  alluvial  valley  is  not  at  all  an 
exact  criterion  of  the  magnitude  of  a  flood  lower  down.  A  high  and  short 
wave,  when  "  flattened  ou.t,"  may  be  of  less  significance  than  a  long  one 
of  less  height.  Duration  of  a  flood,  therefore,  is  of  fully  as  great  con- 
sequence, as  regards  gauge-heights  below,  as  elevation — and  the  maxi- 
mum discharge  at  Cairo  or  Columbus  does  not  afford  any  certain  indica- 
tion of  the  height  to  be  reached  at  Yicksburg  or  Bed  River. 

The  discharge  of  1887  at  Arkansas  City,  as  measured,  varied  from 
1  417  408  to  1  491  735,  with  a  probable  value  of  about  1  440  000  and  a 
probable  velocity  of  6.15.  J  With  the  White  and  Arkansas  Bivers  at  low 
stages,  this  should  indicate  a  discharge  at  Helena  of  about  1  390  000  and 
a  velocity  of  about   6.00.     The   same  conclusion  is   reached   from  the 

*  Of  course  on  the  supposition  that  the  assumed  discharge  of  1  600  000  is  correct.  It  may 
have  been  more.  It  can  hardly  have  been  less.  In  either  case,  the  reasoning  is  not  affected, 
except  quantitatively. 

t  See  Humphreys  and  Abbot,  page  315,  the  Helena  observations  of  1882,  and  the  Columbus 
observations  of  the  same  year,  in  Report  of  the  Mississippi  River  Commission  for  1883. 

I  Report  of  the  Chief  of  Engineers  for  1887,  page  2888. 
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gauge-lieights  and  slopes  at  Columbus  and  Helena.  The  stage  at  the 
latter  point  was  46.3. 

The  high  water  of  1888  hardly  deserved  the  name  of  a  flood  at 
Helena.  It  was  measured  at  Wilson's  Point,  with  a  discharge  of  about 
1  200  000.*  White  Kiver  and  the  Arkansas  were  at  a  medium  stage, 
and  contributed  probably  about  80000  feet,  so  that  it  is  probable  that 
not  more  than  1 120  000  passed  Helena,  at  a  stage  of  42.8.  The  stage  at 
Arkansas  City  was  45.2. 

Captain  Rossell  f  has  made  a  careful  tabulation  of  the  movements  of 
the  Cairo,  Helena  and  Arkansas  City  gauges  for  the  different  wave  crests 
from  1880  to  1886  inclusive.  From  these  tables  it  appears  that  the  Arkan- 
sas City  gauge  is  almost  uniformly  the  higher.  For  gauge-heights  from 
30  to  40  feet  the  mean  superiority  is  0.82  feet.  For  heights  over  40  it  is 
about  1.2.  From  this  estimate  are  excluded  such  observations  as  were 
taken  when  the  levees  were  broken  and  the  river  out  of  its  banks  during 
the  great  flood-years.  Such  data  are  evidently  of  little  value.  They 
would  reduce  the  above  average  to  about  0.10.  The  only  high-water 
observation  that  is  available  is  that  of  1887.  In  this  year  the  Helena 
gauge  stood  at  46.3,  the  Arkansas  City  gauge  at  46.85.  t  Fortunately, 
too,  the  Arkansas  and  White  Rivers  were  both  low.  Probably  their  joint 
discharge  did  not  exceed  50  000  feet. 

Generally  the  difference  between  the  two  gauges  is  fairly  attributable 
to  the  discharge  of  the  tributaries;  or  rather  this  over-compensates  the 
difference;  that  is,  an  equal  stage  at  the  lower  station  is  sufficient  to 
carry  off  not  only  the  discharge  at  Helena,  but  also  a  portion  of  the 
increment  received.  According  to  the  observations  of  1884-85,  the  dif- 
ference in  discharge  in  favor  of  Arkansas  City  varies  from  25  000  to 
100  000  feet.  We  may  therefore  adopt  the  least  favorable  assumption 
that  the  reading  of  46.3  on  the  Helena  gauge  represented  an  equal  dis- 
charge at  the  same  stage  at  Arkansas  City. 

If  no  tributaries  intervened,  and  the  river  were  confined  between 
levees  all  the  way  from  Helena  to  Arkansas  City,  then  the  high-water 
gauge-height  at  the  latter  place  could  never  equal  that  at  the  former. 

*  MS.  c  smiiunication  of  Captain  W.  T.  Ros?ell.  Corps  of  Engineers,  U.  S.  1.,  aud  Arthur 
Hider,  Esq.,  M.  Am.  Soc.  C.  E.,  United  States  Assistant  Engineer. 

t  In  an  unpriated  paper  laid  before  the  members  of  the  Mississippi  River  Commission 
in  1888. 

i  There  is  a  little  discrepancy  here.  This  is  the  official  record;  but  the  reading  reported 
by  Mr.  Childs,  who  took  the  discharge  measurements,  was  46.63.  See  report  of  Chief  of 
Engineers  for  1837,  page  2888. 
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After  the  mean  high-water  slope  has  been  attained,  at  which  the  velocity 
is  constant  at  all  stations,  then  any  addition  from  above  must  result  in 
an  acceleration  of  that  velocity;  therefore  the  cross-section  below  will 
not  increase  in  proportion  to  that  above,  and  the  greater  the  flood,  the 
more  striking  will  be  the  disproportion.  How  great  this  may  be  we 
have  no  means  of  knowing.  We  must  content  ourselves  with  the  con- 
viction above  expressed.  If,  therefore,  the  flood-jjlane  be  assumed  a& 
equal  in  elevation  to  the  mean  (it  is  really  above  it),  then  an  addition  to 
that  elevation  of,  say, 2.7  feet  at  Helena  could  never  result  in  as  great  an 
elevation  at  Arkansas  City,  under  the  circumstances  supj^osed  ;  and  the 
gauge-height  at  the  latter  place  could  never  equal  the  assumed  max- 
imum of  49  feet.  If  the  velocity  of  7.55  at  Helena  be  maintained  at 
Arkansas  City,  it  will  pass  the  discharge  of  1  800  000  at  a  height  of 
48.16.  It  is  not  asserted  that  the  velocity  will  never  be  diminished.  It 
•will  be  subject  to  local  variations,  from  diflference  in  conformation  and 
dimensions  of  cross-section,  from  the  effect  of  bends,  shoals,  islands, 
etc.  It  is  probable  also  that  the  descent  down  a  very  steep  slope,  a& 
below  Helena,  where  there  are  no  bends  to  check  the  acceleration,  will 
result  in  an  impingement  against  the  bottom,  a  scour  and  a  flattened 
slope  beyond.  All  these  variations,  however,  will  be  self-compensating 
— will  be  merely  oscillations,  in  fact — and  as  a  whole  the  velocity  should 
increase,  when  above  mean  flood-line,  until  a  change  of  slope  occurs, 
from  a  fall  above. 

This  reasoning  cannot  be  verified,  at  this  time,  by  testimony  derived 
from  facts,  because  the  distance  from  Helena  to  Arkansas  City  is  so 
great  (132  miles)  and  the  relations  between  them  so  changed  by  the 
interposition  of  the  tributaries  that  a  comparison  between  their  daily 
gaiTge  records  is  fruitless. 

What  will  be  now  the  disturbance  produced  by  the  White  Kiver 
Basin  and  the  tributaries  ?  As  to  the  former,  it  is  thought,  as  already 
intimated,  that  its  efiect  cannot  be  very  great;  and  in  assuming  the  flood- 
line  of  1887  as  the  standard,  we  have  included  the  modifying  efiect  of 
the  reservoir,  whatever  it  may  be.  The  maximum  discharge  of  the  trib- 
utaries I  suppose  to  be  about  300  000  feet.*  We  have  a  rough  way  of 
getting  at  the  effect  of  this  discharge  on  the  flood-line  at  Arkansas  City 
from  the  records  of  1885.     There  were  great  freshets  in  the  White  and 

*  See  Plate  III  of  Colonel  Suter's  paper  on  the  Investigation  of  Discharge  Measurements ^ 
Mississippi  River  Commissiou  print,  X888, 
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Arkansas  Rivers  in  both  January  and  April-May  of  that  year.  The 
latter  fortunately  coincided  almost  precisely  with  the  culmination  of  the 
rise  in  the  Mississippi,  so  that  by  comparing  the  height  of  the  wave- 
crests  at  Helena  and  Arkansas  City  (knowing  approximately  the  ordi- 
nary relation  which  subsists  between  those  gauges,  supposed  to  be  that 
of  equality),  it  is  easy  to  see  what  was  the  effect  of  the  increment  from 
the  tributaries.  The  gauge-reading  at  Helena  on  May  ith  was  38.75, 
At  Arkansas  City  on  May  8th  it  was  42.60.  Therefore  the  rise  due  to  the- 
discharge  of  the  tributaries,  which  were  nearly  at  their  mxximum  flood 
height,  was  3.85  feet.  The  discharge  at  Helena  I  suppose  to  have  been 
about  920  000  feet,  and  the  velocity  about  4.7.  At  Arkansas  City,  after 
the  increment,  it  was  probably  about  5.4.*  Now  the  effect  of  a  given 
increment  upon  the  height  of  a  flood  should  be  inversely  as  its  velocity. 
If  the  velocity  before  the  increment  be  7.55,  the  increase  of  height  at 
Arkansas  City  will  be  2.33,  and  the  gauge-reading  50.49.  The  velocity 
at  Arkansas  City  will  be  8.52. 

These  velocities  seem  very  great,  yet  they  are  not  entirely  beyond 
example.  At  Columbus,  in  1882,  the  velocity  is  thought  to  have  reached 
8.3,  and  in  1858,  if  the  reductions  of  Humphieys  and  Abbot  maybe 
depended  upon,  a  velocity  of  8.47  was  attained.  "We  must  remember 
that  we  are  treating  of  unexampled  matters.  Man  has  never  seen  such 
a  discharge  as  2  100  000  feet  in  one  channel,  and  when  he  does  see  it,  it 
will  be  accompanied  by  equally  extraordinary  attributes. 

We  cannot  receive  the  evidence  of  the  high-water  discharges  at 
Arkansas  City,  especially  that  of  1887,  in  support  of  any  estimate  to  be 
made  for  the  future,  for  the  reason  that  we  cannot  expect  the  circum- 
stances under  which  it  was  made  to  be  repeated.  The  slope  Helena- 
Arkansas  City  of  that  year  will  indeed  occur  again,  and  probably  even  a 
steeper — but  the  slope  Arkansas  City-Greenville  in  1887  was  0.35,  and  it 
is  not  likely  that  this  will  be  paralleled,  still  less  exceeded.  It  is  not 
necessary  that  it  should  be— for  Arkansas  City  is  only  to  a  limited 
extent  an  origin  of  velocities;  on  the  contrary,  it  is  believed  that  the 
river  will  reach  there  with  a  velocity  already  sufficient  for  its  purpose. 
We  may  rely  upon  the  long  fall,  at  extreme  flood  height,  with  a  steep 
slope,  from  Helena,  and  upon  the  volume,  already  beyond  any  previous 

*  Unfortunately  the  discharge  measurements  at  Helena  and  Arkansas  City  in  1884-85 
were  discontinued  just  before  this  time.  I  can  only  infer  from  parity  of  stage  In  the  Jan-v 
uary  rise. 
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example  at  Helena,  and  now  further  augmented,  it  may  be,  at  the 
mouth  of  White  Eiver.  If  a  discharge  of  perhaps  1  150  000  in  1885 
increased  its  velocity  from  4.7  to  5.4,  it  will  not  be  more  difficult  for  a 
discharge  of  2  100  000  to  increase  from  7.55  to  8.5. 

In  considering  the  reach  from  Arkansas  City  to  Vicksburg,  it  will  be 
possible  to  bring  the  reasoning  hitherto  employed  to  the  test  of  fact 
— there  being  two  important  circumstances  to  guide  us.  First  we 
have  had  the  invaluable  experience  of  a  perfectly  confined  river,  up  to 
extreme  high-water  mark  throughout  a  great  part  of  the  reach;  and 
secondly,  we  have  stations  so  near  together  that  their  slope  may  be 
compared  day  by  day,  and  where  daily  records  have  been  kept  for 
several  years. 

The  year  alluded  to  was  1888.  As  has  been  already  remarked,  above 
this  reach  the  river  was  only  moderately  high.  At  Arkansas  City  the 
gauge  stood  at  45.2 — being  1.8  below  high- water  mark  ;  at  Greenville  it 
was  1.2  below,  at  Longwood  up  to  high-water  mark — which  elevation 
■was  maintained  about  to  Mayersville.  At  Lake  Providence  the  gauge 
was  0.22  below  high-water  mark,  the  disparity  increasing  thence  to 
Ticksburg,  where  it  stood  at  44.2  on  the  gauge— 4.6  below  1882,  or  4.8 
below  1884. 

There  is  no  difficulty  in  understanding  this  condition.  For  the  last 
twenty-five  years  the  water  has  had  free  escape  over  the  right  bank 
(the  front  of  the  Tensas  Basin),  and  had  accommodated  itself  to  this 
order  of  things.  Consequently  the  bottom  of  the  bed  has  been  actually 
raised,  and  the  sloj^e  above  flattened  accordingly. 

The  low  water  slope  between  Arkansas  City  and  Vicksburg*  conveys 
to  the  eye  a  pretty  correct  idea  of  the  condition  of  a  deteriorated  reach — 
and  the  high-water  slope  of  1882  carries  with  it  the  explanation  of  that 
deterioration.  Most  of  the  great  depressions  in  that  line  (as  near  Point 
Comfort,  above  Sunnyside,  from  Grand  Lake  to  Ashton,  and  in  the 
neighborhood  of  Edgewood)t  coincide  precisely  with  great  crevasses, 
sometimes  apparently  assisted  by  escape  over  "points."  In  the  low- 
water  Hne,  these  dejjressions  are  represented  by  elevations  and  the 
general  shape  of  that  line  is  convex  from  Arkansas  City  to  Vicksburg. 

*  See  Plate  XLIV. 

t  There  is  reason  to  believe  that  the  reijorted  high-water  mark  of  1882  at  this  point  is 
altogether  too  low.  It  does  not  correspond  with  the  high-water  elevations  reported  in  that 
vicinity  on  the  Mississippi  side. 
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It  Avaa  remarked  at  the  beginning  of  this  paper,  in  speaking  of  the 
high-water  slope  Arkansas  City-Greenville,  that  there  was  a  i^rogressive 
steepening  of  slope,  in  that  instance,  in  harmony  with  the  increase  of 
gauge-height.  The  same  observation  may  be  made  of  the  slope  Green- 
Tille-Lake  Providence.  But  below  this  the  remark  ceases  to  hold  good. 
If  we  take  the  slope  Lake  Providence-Vicksburg  (Plate  XLIS''),  we  shall 
find  precisely  the  ojiposite  condition  to  prevail.  The  slope  is  steej^er  at  low 
water  than  at  high,  becoming  flatter  and  flatter  as  the  gauge  rises  ;  and 
the  progression  is  steady  and  tolerably  uniform.  It  is  plain  from  all 
that  has  been  said,  and  indeed  from  the  appearance  of  the  high-water 
profile  of  1882,  that  the  slope  of  that  year  was  entirely  abnormal.  Let 
the  year  1885  be  taken,  when  the  river  was  almost  within  its  banks — 
and  again,  1888.  They  exhibit  a  progressive  departure  from  the  low- 
watjr  type.  But  this  dejoarture  must  have  an  end.  The  slope  Arkansas 
City -Lake  Providence  cannot  go  on  increasing  and  the  slope  Lake  Prov- 
idence-Yicksburg  go  on  diminishing.  There  must  be  a  limit  to 
which  they  are  continually  approximating,  and  which  once  reached  will 
be  maintained,  except  for  the  steepening  beyond  mean  flood-line  ;  and 
irregularities  will  disappear  as  far  as  may  be  consistent  with  the  con- 
straint imposed  by  the  deteriorated  bed  ;  and  in  due  time  the  deteriora- 
tion will  be  rectified,  and  the  sloj^e  assume  its  normal  shape. 

The  causes  of  these  antagonistic  movements  are  already  known  to 
us,  and  are  implicitly  included  in  the  statement  that  the  oscillation  at 
intermediate  stations  is  less  than  at  the  mouths  of  tributaries  or  the  out- 
falls of  basin- drainage. 

By  inspection  it  will  be  perceived  that  the  direct  relation  of  gauga 
and  slope  terminates  and  the  inverse  relation  begins  at  about  Ashton. 
The  year  1888  is  an  excellent  one  for  the  comparison,  as  the  river  also 
attained  an  extremely  low  stage.  The  records  are  scanty,  but  sufficient 
for  our  purpose.*    The  slopes  are  as  follows: 

Low  Water.  High  Water. 

Arkansas  City-Greenville, 169  .323 

Greenville-Lake  Providence 293  .327 

Lake  Providence-Vicksburg 509  .307 

Arkansas   City-Yicksburg 339  .319 

The  limit  toward  which  these  relations  tend  is  very  obvious.  In 
fact,  it  has  already  been  attained  or  passed,  and  may  be  fixed  at  a  mean 

*High  and  low  water  observations  of  1888,  in  the  Report  of  the  Miasissippi  River  Com- 
mission for  that  year. 
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sloj^e  of  0.32  foot  to  the  mile,  or  somewhat  less,  between  Arkansas  City 
and  Yieksburg — probably  a  little  more  in  the  upper  part  of  the  reach, 
and  a  little  less  in  the  lower.  This  slope  is  evidently  modified,  by  the 
deterioration  of  the  bed  or  other  local  peculiarities,  to  a  certain  extent, 
as  is  shown  by  the  high-water  profile.  Thus,  the  slope  Greenville-Long- 
wood  is  only  0.25;  the  slope  Longwood-Mayersville,  0.36;  Mayersville- 
Lake  Providence,  0.40, 

These  irregularities  produce  only  local  effects.  They  have  no  agency 
in  modifying  the  mean  high-water  slope  Arkansas  City-Vicksburg. 
What  is  lost  in  velocity  in  passing  from  a  steep  to  a  flat  sloiie  is  regained 
in  the  transition  from  that  flat  slope  to  the  next  steeper;  and  the  general 
result  on  the  oscillation  at  Vicksburg  is  about  the  same  as  if  the  slope 
had  been  uniform.  Also,  the  local  differences  of  elevation  correspond- 
ing to  an  increased  height  at  Arkansas  City  Avill  be  governed  by  the 
same  law.     The  effect  of  scour  is,  of  course,  for  the  present  excluded. 

"What  the  "flattening  out "  may  be  between  Arkansas  City  and  Vicks- 
burg it  is  not  easy  to  say.  It  depends,  in  fact,  on  the  height,  duration 
and  nature  of  the  wave.  The  first  wave  of  1885,  in  which  the  flood  (a 
very  great  one)  from  the  White  and  Arkansas  Rivers  did  not  coincide 
with  the  rise  in  the  Mississippi,  was  at  Arkansas  City  3. 5  below  the  high 
water  of  1888,  which  wiU  hencefoi'th,  for  this  reach,  be  assumed  and  de- 
nominated as  the  standard.  At  Vicksburg  the  difference  was  only  1.8, 
indicating  a  slope  of  0.308.  For  the  second  wave,  wherein  the  coinci- 
dence of  the  two  floods  was  almost  perfect,  the  differences  were  respect- 
ively 2.6  and  3.3,  and  the  slope  0.323.  It  must  be  remembered  that  the 
Yazoo  itself  is  a  considerable  river,  and  its  modifying  influence  is  some- 
times strongly  felt,  as  in  the  first  wave  of  1885,  just  mentioned,  when 
it  was  at  its  height  when  the  Mississipi^i  flood  reached  Vicksburg. 

We  cannot  pretend  to  minute  accuracy  in  estimating  all  these  dis- 
turbing causes.  We  have  a  right  to  expect  that  there  should  be  a 
gradual  increase  of  slope  as  the  gauge  rises  above  mean  flood  height, 
but  in  the  absence  of  any  precise  information  we  will  take  the  safest 
plan,  and  assume  that  slopes  above  mean  high  water  will  be  parallel  to 
that  slope,  and  that  consequently  a  rise  above  that  plane  of,  say,  5 
feet  at  Arkansas  City  will  be  attended  with  a  like  rise  at  Vicksburg,  and 
also  at  all  intermediate  points  in  the  reach.  In  taking  1888  as  the 
standard  we  have  also  kept  on  the  safe  side,  as  it  was  a  flood  above  the 
mean.     This  additional  height  of  5  feet  cannot  be  exceeded,  except  to  a 
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limited  extent,  in  the  case  of  a  flood  beyond  the  ordinary  in  the  Yazoo, 
and  may  be  diminished  to  an  unknown  extent,  depending  on  the  nature- 
of  the  flood  above. 

How  does  this  accord  with  observed  facts?  In  the  first  place,  the 
reasoning  itself,  in  this  instance,  is  founded  on  facts.  It  is  true  that  the 
same  conclusion  was  reached  before  on  theoretical  grounds;  but  here  it 
is  independent  of  theory.  If  it  be  said  that  the  capacity  of  the  stream 
in  the  confined  reach  is  not  sufficient  to  carry  the  discharge  which  will 
thus  pass  Arkansas  City,  the  answer  is  that  that  capacity  has  already 
been  tested  in  1888.  Take  a  stream  of  nearly  constant  cross-section, 
flowing  in  a  bed  of  its  own  formation,  which  has  carried  1  200  000  feet 
of  discharge  at  a  given  height,  and  add  to  it  900  000  feet.  If  it  carries  it 
at  its  upper  end,  by  so  much  the  more  will  it  carry  it  at  its  lower.  It 
it  be  said  that  by  the  reduced  dimensions  of  the  channel  below  an  en- 
gorgement will  take  place — the  water  being  "backed  up"  at  Arkansas- 
City — it  is  answered  that  the  engorgement  has  already  taken  place  (in 
1888),  and  the  regimen  adjusted  to  that  condition.  If  it  be  claimed  that 
the  cross-sections  below  are  unfavorable  to  the  passage  of  the  discharge, 
and  that  the  resistance  will  be  proportionally  increased,  it  is  answered 
that  this  reasoning  is  diametrically  wrong,  if  by  an  unfavorable  cross- 
section  be  meant  a  shallow  one.  An  increase  of  dej^th  in  a  shallow  cross- 
section  is  proportionally  more  favorable  to  an  increase  of  velocity  than- 
in  a  deej?  one.  An  increase  of  depth  of  5  feet  in  a  cross-section  10  feet 
deep  means  an  increase  of  velocity  of  22  per  cent.  The  same  addition^ 
to  a  cross-section  50  feet  deep  will  cause  a  velocity -increment  of  only  &• 
per  cent.  The  danger  rather  lies  iu  the  very  deep  and  narrow  i^Iaces,. 
and  they  are  mostly  in  bends,  and  the  escape  of  the  water  is  facilitated 
over  the  "points."  If  the  number  of  narrow  jslaces  be  limited,  the- 
efforts  of  the  stream  at  a  high  velocity  will  easily  suffice  to  enlarge  them- 
to  the  requisite  extent  in  a  single  season.  If  it  be  said  that  as  a  matter 
of  measurement  the  cross-sections  below  are  so  small  that  they  cannot 
I)ass  the  increased  discharge  without  an  excessive  elevation  of  the  flood- 
line  or  an  excessive  augmentation  of  velocity,  the  fact  is  denied.  If  it 
be  thought  that  the  measurements  at  Hays'  Landing  in  1882  *  support 
this  assertion,  such  an  idea  is  easily  exploded  by  an  examination  of  the 
circumstances  of  that  case.     The  observation  station  was  at  Bass's  Land- 

*  Report  of  Mississippi  River  Commission  for  1883. 
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ing,  on  Point  Lookout,  at  a  distance  of  2  miles  or  so  outside  tlie 
levee,  and  -witU  an  abundance  of  low  ground  for  the  escape  o£  water 
across  the  point.  This  is  a  very  considerable  feature  of  the  flow  of  the 
river,  and  too  little  importance  has  been  attached  to  it.  So  far  as  I 
know,  the  only  measurements  of  these  great  movements  that  have  ever 
been  made  are  given  in  the  crevasse  discharges  of  the  St.  Francis  Front 
in  1882  and  1883.     They  sometimes  amount  to  100  000  feet  at  a  time. 

It  is  not  practicable  to  make  an  accurate  estimate  of  the  areas  from 
the  soundings  plotted  on  the  maps,  and  there  are  but  few  situations 
■where  the  river  is  sufficiently  confined  to  make  such  measurements  use- 
ful, but  here  are  a  few  approximations  obtained  in  this  way,  from  the 
maps  to  a  scale  of  1  to  20  000  recently  issued.  They  are  given  without 
selection : 

Leota.  Homochitta.  Shipland. 

215  875  224  040  230  480 

219  850  223  340 

217  020 

There  are  few  places  indeed  where  the  levees  are  less  than  6  000  or 
7  000  feet  apart,  and  although  the  discharge  outside  the  banks  is  fre- 
quently not  great,  in  other  cases  it  is  considerable,  and  may  give  a  wel- 
come relief  during  the  process  of  readjustment. 

Of  course  it  is  not  possible  that  so  great  a  velocity  as  8.5  or  more  can 
be  maintained  for  any  considerable  time  without  causing  serious  disturb- 
ances of  the  regimen.  The  great  flood  of  1882  was  above  mean  high- 
water  stage  about  two  or  three  months,  and  during  half  of  that  time  it 
was  within  3  or  4  feet  of  its  maximum.  Such  tremendous  forces,  operat- 
ing for  even  a  brief  period,  must  act  powerfully  against  both  banks  and 
bed,  all  equilibrium  being  utterly  destroyed.  P.vrt  of  this  action  will  be 
beneficial,  and  will  aid  in  the  reclamation  of  the  channel  and  the  lowering 
of  the  flood-line  in  the  deteriorated  places.  Part  will  be  destructive,  in 
the  efi'ort  of  the  stream  to  gain  the  length  demanded  by  the  new  and 
increased  velocity.  It  is  to  be  hoped  that  a  series  of  moderate  floods 
may  aid  in  efiecting  a  gradual  transformation  before  the  advent  of 
another  1882. 

To  sum  up  the  above  reasoning,  it  is  evident  that  the  foundation  of 
it  is  the  high- water  stage  to  be  attained  at  Helena;  and  it  is  thought  to 
have  been  shown  that  the  condition  of  1882  will  be  in  all  essential 
respects  repeated,  and  that  the  gauge  height  there  will  not  exceed  49 
or  at  most  50  feet,  and  the  velocity  7.55. 
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Tliis  velocity,  not  being  imposed  by  extraneous  circumstances,  but 
being  acquired  by  fall  in  a  bed  of  nearly  constant  cross-section  prejiared 
by  the  stream  itself  for  a  lower  stage,  will  not  be  lost,  but,  on  the  con- 
trary, will  be  accelerated  as  it  progresses.  Therefore,  the  current  will 
reach  White  Eiver  with  at  least  that  velocity,  and  if  there  be  no  con- 
siderable accession  from  the  tributai'ies,  will  pass  Arkansas  City  at  a  stage 
of  about  48.2.* 

If  at  White  River  there  be  a  large  accession,  then  the  river,  by  its 
increased  volume,  will  acquire  velocity  enough  to  pass  Arkansas  City  at 
an  extreme  height  not  more  than  2.3  feet  above  the  stage  just  mentioned, 
or  at  50.5. 

Taking  below  Arkansas  City  as  a  standard  the  high-water  slope  of  1888, 
then  the  height  attained  above  that  surface  at  Arkansas  City  will  not  be 
exceeded  throughout  the  reach  from  Arkansas  City  to  Yicksburg — and 
if  at  Arkansas  City  the  height  above  that  surface  be  5.3  (equal  to  50.5  on 
the  gauge),  then  at  Vicksburg  the  gauge  will  not  exceed  49.5,  and  will 
probably  not  be  as  much  as  that. 

Conclusion:  From  Helena  to  White  Eiver,  the  flood-height  may  pro- 
gress from  2.8  to  3.6  feet  above  the  high  water  of  1887,  equal  to  —  0.4  to 
+  0.4  above  existing  grades.  From  White  River  to  Arkansas  City,  3.6 
above  1887,  =0.4  above  existing  grade.  From  Arkansas  City  to  Yicks- 
burg, 5.3  above  the  high  water  of  1888,  =  0.3  above  existing  grade.  For 
safety  1  foot  should  be  added  to  the  above  heights  for  the  reason 
formerly  given  at  Helena — namely,  that  the  river  sometimes  continues 
to  rise  a  little  after  the  height  of  the  discharge  has  jDassed. 

I  would  rather  have  given  a  few  solid  facts  than  mere  deductions,  be 
they  never  so  plausible.  The  problem,  however,  jjresses  for  solution, 
and  will  not  wait.  The  only  facts  that  can  be  of  material  service  to  us 
will  be  the  results  of  high-water  experience;  and  it  is  that  very  experi- 
ence that  those  interested  must  anticipate  and  be  prepared  against  if 
they  would  avoid  the  risk  of  severe  injury.  If,  then,  we  have  no  certain 
grounds  to  go  on,  we  must  make  the  best  of  such  imi^erfect  data  as  we 
have,  and  supplement  them  with  such  reasoning  as  may  be  thought 
conformable  to  science  and  consistent  with  experience. 

It  is  not  claimed  that  the  above  conclusions  have  been  proved.  It 
is  thought,  however,  to  have  been  shown  that  it  is  possible  and  easy 

*  The  increase  at  the  mouth  of  White  River  from  the  influx  of  the  tributary  waters  will 
be  offset  by  the  reservoir  effect  at  Arkansas  City. 


538  ='^    1      INt^   ox   MISSISSIPPI   FLOOD   HEIGHTS. 

ior  the  gn  aischarge  ever  known  to  be  passed  between  levees  at  a 

Jieight  thau  is  not  extravagant,  and  that  there  is  good  reason  to  believe 
that  the  estimates  here  made  are  sufficient,  and  indeed  rather  in  excess 
^f  the  truth.* 


The  illustrations  accompanying  this  paper  are  : 
Plate  XL.         Helena  Observations  of  1882. 

"      XLI.       Arkansas  City  Observations  of  1884-85. 

"      XLII.     High  and  Low  Water  Profiles. 

«'      XLIII.    Details  of  High  and  Low  Water  Slopes,  Mhoon's  to 

Arkansas  City. 
"      XLIV.     Details  of  High  and  Low  Water  Slopes,  Arkansas  City 

to  Yieksburg. 
■"      XLV.       Hays'  Landing  Observations  of  1882. 
•"      XLYI.     Depth  of  Mean  Bottom  below  Gauge— Zero. 


*  The  writer  must  record  his  deep  sense  of  indebtedness  to  the  Mississippi  River  Com- 
■mission,  whose  labors  alone  have  rendered  such  an  investigation  as  the  above  possible.  He 
must  also  acknowledge  his  obligations  to  individual  members  of  the  Commission,  and  of 
the  officers  of  the  Corps  of  Engineers  engaged  In  the  work  of  river  improvement,  for  un- 
jpublished  data  of  essential  value. 
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DISCUSSION 

ox 

IMPROVEMENT  OF  SEDIMENTARY  RIVERS.* 


Bj  J.    H.    Striedinger,  M.    Am.  Soc.  C.  E.,  William  E.  Worthen, 
Past  President  Am.  Soc.  C.  E.,  and  George  H.  Henshaw. 


J.  H.  Striedixger,  M.  Am.  Soc.  C.  E. — The  regulating  works  cliiefly 
used  in  the  imi^rovement  of  the  Mississippi  consist  of  : 

Spur-dykes  or  wing-dams,  and  longitudinal  or  parallel  dykes. 

Although  fascine  structures  of  these  types  have  been  employed  with 
success  on  the  Rhine,  Danube,  Isar,  etc.,  for  many  decades,  iu  Germany 
such  dams  are  now  beginning  to  be  discarded,  the  preference  being 
given  to  a  new  kind  of  permeable  dyke  invented  and  introduced  by 
Division  Engineer  (K.  B.  Bau-Amtmann)  Wolf  of  Landshut,  Bavaria. 

This  change  from  the  methods  hitherto  used  to  the  new  system  was 
caused  by  the  favorable  results  obtained  in  the  recent  apjilication  of 
Wolf's  dams  on  a  reach  of  44  miles  of  the  lower  part  of  the  River  Isar. 
There,  in  shallow  and  neglected  sections  of  the  river,  Mr.  Wolf  drives  single 
rows  of  piles  parallel  to,  but  some  12  feet  outside  of,  the  future  permanent 
shore  lines.  Floating  fascine  mattresses  attached  to  the  piles,  and 
pointing  with  their  ojien,  broom-like  ends  toward  the  old  shore,  form 

*  The  Improrement  of  the  Mississippi  River,  by  William  Starling.  Transactions,  Vol. 
XX,  >'o.  106,  March,  1S89. 
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his  i^ermeable  dams,  the  action  of  which  is  to  increase  the  strength  of 
the  current  in  the  river  proper  and  to  break  the  force  of  the  stream 
toward  the  shore,  thus  causing  erosion  in  the  channel  and  deposit 
between  the  old  and  new  shore  lines. 

When  the  river  deposit  reaches  about  the  level  of  average  low  water, 
the  top  of  this  new  foreshore  is  protected  by  fascines  in  the  usual 
manner,  and  the  floating  mattresses,  weighted  by  stones,  are  sunk  to  the 
bottom  of  the  river,  whence  they  revet  the  slope  of  the  new  river  bank. 

At  points  exposed  to  very  strong  currents  two  rows  of  piles  are  used, 
the  second  row  being  driven  behind  the  first  one  and  both  united  by 
stays. 

In  treating  concave  shores  the  dyke  building  gradually  progresses  in 
a  down-stream  direction. 

The  attempts  to  employ  Wolf's  permeable  dykes  as  spur-dams  have 
been  abortive. 

It  is  believed  that,  as  on  th3  Isar,  the  application  of  Wolf's  system 
for  regulating  rivers  abounding  in  shoals  would  also  prove  elsewheie  a. 
desirable  innovation. 

William  E.  Worthen,  Past  President  Am.  Soc.  C.  E. — The  improve- 
ment of  the  Mississij)pi  River  for  the  purposes  of  navigation,  and  the 
security  and  maintenance  of  its  banks,  is  a  problem  requiring  the  highest 
hydraulic  talent ;  but  it  seems  to  me  the  great  point  is  money  for  surveys 
and  works,  for  which  the  appropriations  have  been  too  small  and  too 
fluctuating.  It  is  impossible  to  work  advantageously  in  this  way,  first 
on  one  l)asis,  then  on  another,  now  with  an  appropriation,  and  now 
stopped  for  the  Avaut  of  one. 

The  project  is  of  the  largest  interest  to  the  Government  on  sanitary 
grounds,  on  political,  the  consolidation  of  State  interest,  and  on  econom- 
ical, the  security  of  property  on  its  banks  and  enhancement  of  value. 
It  should  be  under  the  obligations  of  the  Government  and  should  be 
met  by  generous  and  continuous  appropriations. 

Mr.  George  H.  Henshaw. — The  remarks  of  Colonel  Craighill*  em- 
brace, so  far  as  the  author  is  aware,  all  that  has  yet  been  urged  against 
the  plan  proposed.  No  attempt  has  been  made  to  show  any  fault  in 
principle  or  defect  in  design,  but  the  assertion  is  simply  made  that  the 
proposition  to  build  dykes  of  brush  or  wattling  is  not  a  new  one,  and 
that  such  dykes  have  been  tried  for  a  number  of  years;  meaning,  of 
course,  that  the  plan  had  already  substantially  been  tried  and  failed. 

Now,  if  this  assertion  was  well  founded,  it  would  argue  no  little  ob- 
tuseness  in  the  author,  because  all  the  contrivances  mentioned  and  a 
good  many  others  had  come  under  his  observation  and  were  carefully 
examined  long  before  the  paper  was  written;  for  which  reason  he  feels 

*  Discussion  on  Ihe  Improvement  of  Channels  in  Sedimentary  Rivers,  by  George  H. 
Henshaw.     Transactions,  Vol.  XX,  March,  1889,  p.  116. 
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confidently  prepared  not  only  to  assert  that  the  plan  he  proposes  has 
never  been  anticipated  by  any  piiblished  record,  but  to  demonstrate  that 
it  differs  radically,  both  in  princijole  and  design,  from  all  the  instances 
given  by  Colonel  Craighill  and  others.  This  fact  he  had  lioj^ed  was 
sufficiently  shown  in  the  paper  itself,  but  the  merely  apparent  similarity 
in  the  illustrations  to  certain  dykes  already  tried  seem  to  have  led  to  the 
misconception  in  spite  of  the  text. 

Setting  aside  the  "weed  dykes  "  of  Colonel  Brownlow,  there  has  no 
dyke  of  brush  or  wattling  yet  been  tried  in  this  country  which  had  not 
for  its  object  the  direct  diversion  of  the  channel  or  the  contraction  of  the 
water-way  by  the  accumulation  of  sediment.  The  permeable  or  wattled 
dykes  were  especially  designed  for  this  latter  purpose,  and  as  long  as 
the^'  lasted  j^roved  very  effective  in  many  cases. 

Now  the  author's  plan  is  directly  the  reverse  of  this,  or,  to  speak  more 
accurately,  has  no  action  whatever  of  the  kind,  and  does  not  depend  for 
its  efficiency  upon  contraction  of  the  stream  or  compulsory  diversion  of 
the  channel-way  (the  "supplementary  structures"  of  course  are  not  in 
the  question).  It  is  almost  aljsard  to  call  the  frail  "  fence  "  proposed  a 
dyke  at  all.  Beyond  burying  its  base  it  is  quite  incapalile  of  collecting 
sediment,  and  still  more  incapable  of  diverting  a  current.  Its  sole 
object,  as  stated  in  the  paper,  is  to  prevent  erosion  of  the  Ijottom  outside 
the  channel,  and  thus  allow  the  latter  to  pursue  one  line  of  least  resist- 
ance at  all  stages  of  the  water. 

But  will  so  slight  a  barrier  effect  that  purpose?  or  is  it  true,  as  the 
author  has  been  told,  that  "  when  the  Mississippi  channel  takes  a  notion 
to  leave  its  bed  nothing  will  stoi^  it?" 

Ever  since  the  publication  of  the  able  and  exhaustive  work  of 
Humphreys  and  Abbot,  the  author  has,  by  exjDeriment,  observation  and 
reading,  sought  to  get  at  the  true  law  governing  the  movement  of  sedi- 
ment; and  the  invariable  result  of  this  study,  he  thinks,  justifies  him  in 
the  confident  belief — First,  that  erosion,  unobstructed,  takes  place  not 
violently,  biit  gradually,  and  in  j^roportion  to  the  friction  on  the  surface. 
Second,  that  where  erosion  is  greater  than  in  that  proportion  it  is  due  to 
the  presence  of  obstruction  to  the  current  at  the  i^lace  where  it  occurs, 
the  excess  being  in  proj^ortion  to  the  horizontal  resistance  of  the 
obstruction  to  the  current.  Third,  when  the  obstruction  is  variable  in 
its  character,  either  by  irregularity  in  structure  (as  in  common  perme- 
able brush  dams)  or  by  oscillation  (as  in  the  use  of  separate  trees,  bunches 
of  brush  or  grass  anchored  to  the  bottom,  causing  alternating,  irregular 
volumes  of  water  to  pass  through  them),  the  erosion  is  also  irregular  and 
vai'iable,  and  usually  destructive. 

The  "fences"  are,  as  has  been  said,  designed  to  resist,  not  the  cur- 
rent, but  downward  erosion;  when  their  wattled  meshes  have  covered 
their  bases  with  sediment  all  practical  resistance  to  the  current  ceases, 
except  in  regard  to  friction. 
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The  truth  of  the  three  principles  above  stated,  and  the  important 
deduction  therefrom,  shown  practically  in  the  homogeneous  structure  of 
the  fences  and  their  regular  top  line,  is  illustrated  by  the  analogous 
action  of  snow  blowing  over  low  fences,  of  which  the  author  has  had 
extended  opportunity  of  observation  in  Canada.  It  is  invariably  the 
case  that  snow  drifted  over  a  fence  having  a  continuous  top  line  deposits 
itself  smoothly  and  evenly,  while  any  irregularity  jiroduces  a  corre- 
sponding ridge  or  hollow  ;  he  has  frequently  noticed  a  prominent  ridge 
projected  from  such  a  fence  where  a  post  stood  up  above  the  top  line  or 
where  a  stone  had  been  placed  upon  it.  Tliere  ajopears  to  be  no  reason 
to  suppose  the  action  of  sediment  in  water  to  be  diflfereut  from  snow 
carried  in  the  air;  indeed  it  would  seem  to  be  far  more  certain  in  the 
first  case  than  in  the  last,  since  the  action  of  flowing  water  is  steadier 
and  more  regular  than  that  of  wind. 

The  above  remarks,  it  is  trusted,  will  show  that  the  "weed  dykes" 
of  Col.  Browulow,  while  they  perhaps  more  nearly  approach  the 
author's  idea  than  any  of  the  other  devices,  have  failed  from  their  being 
an  imperfect  attem^jt  to  imitate  what  was  incorrectly  assumed  to  be 
nature,  and  also  from  their  unfitness  to  adapt  themselves  to  natural 
conditions  and  laws. 
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ADDRESS     AT    THE    ANNUAL    CONVENTION    AT 
SEABRIGHT,  N.  J.,  JUNE  21st,  1SS9. 


By  Max  J.  Beckek,  President  Am.  Soc.  C.  E. 


The  provision  of  the  By-Laws  of  this  Society  which  requires  that  its 
President  shall  deliver,  at  the  Annual  Convention,  an  address  upon  the 
progress  of  Engineering  during  the  preceding  year,  has  been  observed 
by  my  predecessors  in  various  ways. 

While  some  of  the  former  Presidents  have  confined  themselves 
strictly  to  the  constitutional  provision,  by  general  reviews  of  the  i^ro- 
fessional  progress  and  scientific  advancement  of  the  i^eriod;  others  have 
dwelt  more  in  detail  upon  some  specific  subjects  of  particular  interest 
at  the  time;  and  my  immediate  i^redecessor,  most  happily  and  appro- 
priately, selected  for  his  text  a  subject  not  only  of  absorbing  interest  to 
the  profession,  but  at  the  same  time  of  vast  importance  to  the  world  at 
large;  a  subject  no  doubt  as  dear  to  him,  as  it  was  familiar,  and  of  which 
he  was  most  eminently  qualified  to  speak,  on  account  of  his  intimate 
relationship  with  the  enterprise  which  furnished  the  substance  for  the 
discourse,  to  which  we  all  listened  with  rapt  attention — saddened  only 
by  the  painful  circumstances  which  compelled  the  author's  absence  and 
prevented  the  personal  delivery  of  his  address. 
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A  rigidly  literal  compliance  with  the  requirements  of  the  By-Laws 
would  of  necessity  gradually  lead  to  a  mere  repetition  of  generalities, 
and  the  summarizing  of  facts  already  known;  for  the  field  of  engineer- 
ing science  is  now  so  large,  and  the  development  of  its  varied  aiiplica- 
tions  is  so  rapid,  that  au  address,  intended  to  cover  the  entire  range, 
could  only  touch,  in  a  general  way,  the  leading  points,  and  would  have 
to  dispose  of  the  rest  by  a  mere  passing  glance. 

Moreover,  the  ^jrofession  is  rapidly  dividing  itself  into  specialties, 
and  its  members  are  finding  abundant  opportunities  for  satisfying  their 
professional  ambitions  by  mastering  one  of  its  various  branches,  instead 
of  attemi)ting  to  acquire  proficiency  in  all. 

The  jjerformance  of  this  presidential  duty  is  therefore  becoming  a 
more  difficult  task  with  each  succeeding  year,  and  as  a  justifiable  com- 
promise between  a  specific  compliance  with  the  By-Laws  and  what  may 
be  considered  a  pardonable  dei:)arture  from  the  prescribed  practice,  I 
trust  I  may  be  permitted,  in  this  instance,  to  give  you  first  a  cursory 
glance  of  the  field  at  large,  and  then  confine  myself  more  particularly  to 
a  review  of  the  progress  in  that  special  part  of  the  profession  with 
which  the  long  continued  performance  of  my  official  duties  has  afiforded 
m§  opportunities  to  become  more  familiar. 

Electrical  Engineeking. 

Of  all  the  forces  of  nature,  the  one  which  has  remained  a  hidden 
mystery  longer  than  all  the  rest,  but  which,  of  late,  has  distanced  all  in 
the  rapidity  of  its  development,  and  which  is  certainly  destined  to  excel 
them  all  in  the  extended  range  of  its  useful  applications,  electricity, 
stands  pre-eminent. 

The  startling  phenomena  of  this  subtle  force,  which  once  were  wit- 
nessed only  in  fear  and  trembling,  and  whose  harmless  natural  display 
spread  terror  and  dismay  among  the  awe-stricken  beholders,  are  now 
coimted  among  our  sources  of  i^leasure,  and  the  very  elements  of  their 
destructiveness  are  made  subservient  to  our  comfort  and  safety. 

The  adoption  of  electrical  appliances  for  the  useful  purposes  of  daily 
life  has  of  late  become  so  extensive  and  general,  that  the  limits  of  their 
practical  application  will  undoubtedly  be  found,  in  the  near  future,  to 
reach  even  beyond  the  most  visionary  fancies  of  the  most  sanguine 
enthusiasts. 
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By  it  we  communicate  with  absent  friends,  regardless  of  distance  or 
time;  by  it  we  regulate  the  movements  of  our  traflSc,  sending  messages 
from  trains  in  motion  and  receiving  replies  thereto  while  speeding  along 
at  the  rate  of  a  mile  to  the  minute;  by  it  we  converse  orally  at  distances 
far  apart;  by  it  we  light  our  dwellings  and  illuminate  our  streets,  fire 
blasts,  and  explode  mines;  i:)ropel  vehicles,  print  newspapers  and  operate 
machinery;  disinfect  sewers,  weld  metals,  and  execute  criminals. 

In  the  middle  of  the  night  we  may,  without  raising  the  head  from 
the  pillow,  by  a  mere  touch  of  a  tiny  button,  light  the  lamjjs,  kindle  a 
fire,  awaken  the  servants,  ring  the  burglar  alarm,  call  up  the  fire  depart- 
ment and  summon  the  police  patrol. 

In  the  prosecution  of  subterranean  or  sub-aqueous  operations,  such 
as  tunneling,  mining,  sinking  of  caissons,  the  use  of  electric  light  is 
found  to  be  of  special  benefit;  in  its  incandescent  form  it  is  absolutely 
safe  against  the  dangers  from  explosive  gases,  and  in  caisson  work  it 
removes  the  risks  and  inconveniences  incident  to  the  ready  and  rapid 
combustion  of  inflammable  substances  under  the  influence  of  high 
atmospheric  j)ressure. 

While  in  ordinary  cases  the  expenditure  of  this  force  dei3ends  entirely 
upon  its  simultaneous  and  continuously  maintained  generation,  if  has 
been  found  quite  practicable  to  produce  it  in  advance  of  consumption, 
store  it  for  future  use,  regulate  its  expenditure,  and  consume  it  gradu- 
ally as  wanted;  so  that  it  maybe  manufactured,  if  desired,  for  a  rising 
market,  stored  as  stock  on  hand,  and  counted  in  the  invoice  with  the 
available  assets. 

Street  EAiLWArs  and  Rapid  Transit. 

The  rapid  growth  of  our  cities  gradually  forces  the  inhabitants  to 
seek  their  homes  in  the  suburbs  and  surrounding  country,  more  or  less 
distant  from  the  business  and  manufacturing  centers  where  their  em- 
ployment lies. 

The  desire  for  economy  of  time,  and  the  necessity  for  punctuality 
and  j)rompt  attendance,  have  led  to  the  introduction  of  various  modes 
of  conveyance,  beginning  with  the  street  car  tramways,  propelled  by 
horses,  followed  more  recently  by  elevated  railroads  and  cable  car  lines, 
and  still  more  lately  by  the  electric  railroad,  which  latter  system  has, 
within  a  few  years,  developed  much  more  rapidly  than  any  of  the  pre- 
ceding methods. 
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At  the  close  of  the  past  year,  there  were  completed  and  in  course  of 
construction  in  this  country  eighty-five  (85)  electric  railways,  compris- 
ing about  450  miles  of  track,  and  the  reports  show  that  during  the  last 
year  over  eighteen  millions  (18  000  000)  of  passengers  have  been  carried 
over  these  lines. 

The  cheapness  of  original  construction  and  subsequent  maintenance 
and  operation  commend  their  adoption  in  smaller  cities,  where  the  older 
systems  would  be  out  of  the  question  ;  and  the  practicability  of  their 
aijplication  in  situations  which  would  exclude  cable  lines  and  horse  trac- 
tion have  led  to  their  introduction  in  places  like  my  own  home,  Alle- 
gheny City,  where  an  electric  railway  is  now  in  successful  operation, 
which,  in  a  distance  of  1  mile  out  of  a  total  length  of  4  miles,  ascends, 
with  a  speed  of  fully  4  miles  per  hour,  a  hill  over  400  feet  high,  upon 
gradients  of  12 J  per  cent.,  with  numerous  curves  of  40  feet  radius,  the 
cars  being  often  loaded  with  seventy-five  people. 

Upon  the  lower  portion  of  this  line  the  electric  current  is  supjilied 
by  means  of  an  underground  conduit,  and  on  the  upper  portion  of  the 
line  by  the  ordinary  overhead  conductors. 

But  while  undoubtedly  the  electric  railway  will  be  generally  pre- 
ferred in  the  immediate  future,  it  is  by  no  means  to  be  inferred  that  the 
cable  lines  are  to  be  considered  as  the  motors  of  the  past.  On  the  con- 
trary, their  use  will  not  only  be  continued,  but  greatly  extended  wher- 
ever the  conditions  and  circumstances  favor  their  adoption.  Among  the 
advantages  which  they  possess  are  uniformity  of  motion,  generally  satis- 
factory Sliced,  and  the  ease  with  which  in  times  of  heavy  travel  the 
vehicles  can  be  multiplied  and  combined  into  convoys;  and  the  facilities 
which  they  afford  to  converging  horse  car  lines,  whose  carriages  they 
can  attach  to  their  own  at  the  points  of  junction,  saving  thereby  trans- 
fers to  the  passengers. 

The  machinery  used  at  the  power  houses  of  some  of  the  principal  cable 
lines  is  of  a  very  superior  character,  and  some  of  the  details  employed  are 
models  of  skill  and  ingenuity ;  noteworthy  among  these  are  the  engines 
of  the  Brooklyn  Bridge  Cable  Line,  which  many  of  us  admired  during 
the  excursion  at  the  time  of  the  last  Annual  Meeting,  and  the  original 
construction  of  which  is  very  interestingly  described  in  a  recent  con- 
tribution to  our  Transactions  by  Mr.  Leverich,  one  of  our  Members, 
and  at  one  time  Secretary  of  this  Society. 

Elevated  Railways,  propelled  by  steam,  must  necessarily  remain  con- 
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fined  to  larger  cities,  where  the  volume  of  traffic  promises  a  return  for  the 
capital  invested  in  their  expensive  construction,  and  where  the  distances 
to  be  reached  are  sufficiently  great  to  make  the  saving  of  time,  by  means 
of  their  superior  speed,  au  inducement  for  patronage. 

All  these  modes  of  conveyance  are  contributing  to  our  comfort  and 
convenience,  and  are  of  great  benefit  to  mankind. 

But  in  our  api^reciation  of  their  great  advantages,  we  should  not  for- 
get the  pleasures  which  are  afforded  to  us  by  the  numerous  inclined 
planes  of  various  types,  upon  which  we  are  enabled  to  ascend  mountains 
and  reach  commanding  points  of  view  otherwise  wholly  inaccessible,  or 
too  dangerous  and  difficult  to  climb. 

To  the  lover  of  nature  there  is  nothing  more  inspiring  than  the 
panoramic  view  of  a  picturesque  landscape — be  it  a  rocky  mountain 
range  or  a  gently  undulating  cultivated  plain  ;  be  it  the  fertile  valley  of 
a  winding  stream,  teeming  with  busy  industries  and  freighted  with 
moving  traffic  ;  or  be  it  a  lonely  mountain  lake  resting  in  solitude 
amidst  the  shades  of  forest  trees,  far  from  the  habitations  of  man. 

Thousands  of  delighted  tourists  enjoy  annually  the  magnificent  pros- 
pect from  the  summit  of  Mount  Washington  over  the  "White  Mountain 
range  of  New  Hampshire  ;  or  view  from  the  top  of  Lookout  Mountain 
the  glorious  views  of  the  Valley  of  the  Tennessee  and  the  historic  cliffs 
where  our  heroes  fought;  or  wait  for  the  rising  sun  upon  the  plateau 
of  Rigi  Culm;  or  gaze  from  the  smoking  crater  of  Vesuvius  upon  the 
matchless  picture  of  Naples'  Bay,  not  to  speak  of  the  hundreds  of  thou- 
sands who  seek  the  hill-tops  of  our  cities,  after  the  heat  of  summer  days, 
to  breathe  the  pure  cool  evening  air  and  return  to  their  homes  refreshed 
in  body  and  lighter  of  heart. 

But  how  many  of  all  these,  do  you  think,  will  ever  remember  in  their 
pleasurable  sensations  the  engineer  whose  skill  and  ability  has  provided 
the  means  to  enjoy  them? 

Water-wobks. 

The  introduction  of  water-works  is  now  so  extensive  in  this  country 
that  there  are  but  very  few  cities  or  towns  of  more  than  5  000  inhabit- 
ants which  are  not  supplied  with  one  system  or  another. 

The  l)eneficial  results  upon  the  health  of  the  populations  are  uni- 
versally recognized,  and  the  sanitary  blessings  and  the  advantages  in 
point  of  comfort  are  beyond  all  calculation. 
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Wlierever  additions  and  changes  become  necessary  in  the  older  cities, 
wise  precautions  are  generally  taken  under  the  advice  and  directions  of 
professionally  skilled  experts,  to  profit  by  former  lessons,  and  to  avoid 
the  errors  of  the  past. 

The  most  extensive  enterjirises  now  in  progress  in  connection  with 
water-works  extensions  are  the  improvements  embracing  the  new  lake 
tunnels  at  Chicago  and  Cleveland,  the  new  Croton  Aqueduct  in  the  City 
of  New  York  and  the  Aqueduct  Extension  in  Washington,  D.  C.  In  all 
these  cases  the  question  of  greater  purity  has  been  carefully  considered 
in  connection  with  the  increased  supply. 

The  collection  and  storing  of  water  supplies  for  large  cities  and  for 
manufacturing  purposes,  require,  in  many  cases,  the  construction  of  ex- 
tensive reservoirs  with  massive  dams  for  the  retaining  of  the  reserve 
supply.  The  importance  of  constructing  these  dams  of  j^roper  shape 
and  size,  and  of  suitable  material  and  good  workmanship,  so  as  to  insure 
their  absolute  strength,  and  give  them  sufficient  resisting  capacity 
against  every  ijossible  contingency,  has  been  taught  by  a  recent  lesson  of 
frightful  experience;  and  while  the  responsibility  for  this  calamity  may 
not  be  i^laced  upon  the  shoulders  of  the  profession,  yet  it  will  be  well 
for  its  members  to  look  upon  it  and  remember  it  as  a  warning  and  an 
example. 

An  investigation  of  the  cause  of  the  failure  of  the  South  Fork  Dam 
is  now  being  made  by  a  committee  appointed  under  a  recent  resolution 
of  this  Society,  who  have  just  returned  from  a  visit  to  the  scene  of  the 
disaster. 

Examinations  and  measurements  of  the  structure  and  its  surround- 
ings, and  extensive  information  obtained  from  various  sources,  will  en- 
able the  committee  to  submit  to  the  Society  in  due  time  a  comprehensive 
statement  of  the  conditions  and  circumstances  which  have  induced  and 
contributed  to  this  most  disastrous  failure. 

Sanitary    Engineering. 

The  extensions  and  improvements  of  the  water  supplies  of  our  cities, 
naturally  lead  to  the  adoption  of  measures  for  the  disposal  of  sewage. 

The  respective  merits  of  the  dififerent  methods  employed  for  this 
purpose  have  been  very  ably  presented  to  the  profession,  from  time  to 
time,  in  occasional  contributions  to  our  Transactions,  by  several  members 
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of  this  Society,  who  stand  pre-eminent  in  their  special  calling  ;  so  that, 
all  that  Avonlcl  now  seem  necessary  in  an  emergency,  is  the  exercise  of 
sound  and  impartial  judgment,  in  the  adoption  of  the  proper  method 
for  each  special  case. 

The  system  most  generally  used  in  this  country  now,  and  which  will 
no  doubt  be  preferred  for  a  long  time  to  come,  is  that  of  common  water 
carriage,  by  means  of  the  so-called  "  Combined"  j^lan  of  discharging  all 
sewage  and  storm-water  together  through  common  outlets  into  adjacent 
rivers,  lakes,  or  tidal  waters. 

The  objectionable  features  of  this  method  consist  in  the  pollution  of 
the  streams  and  lakes,  from  which,  in  turn,  the  water  supply  may  have 
to  be  drawn  ;  and  the  injurious  effects  caused  liy  the  deposit  and  peri- 
odical exposure  of  oflfensive  matter  upon  the  shores  of  tidal  waters. 

In  order  to  overcome — at  least  partially — these  objectionable  features, 
modifications  of  this  method  have  been  tried,  consisting  in  a  filtration 
and  chemical  purification  of  the  sewage  so  as  to  rediice  the  offensive 
portions,  and  to  render  their  final  dejiosit  into  the  sti'eams  of  the  district 
comparatively  harmless. 

The  methods  employed  for  some  time  at  Pullman,  111.,  and  more 
recently  at  Orange,  N.  J.,  are  examples  of  this  system. 

Under  the  provisions  of  a  law  passed  by  the  Legislature  of  Massa- 
chusetts in  18S6,  the  State  Board  of  Health  is  authorized  to  investigate, 
through  a  commission  of  experts,  the  effect  of  sewage  discharged  into 
the  streams  and  inland  waters  of  the  Commonwealth  and  to  recommend 
to  the  courts  annually  plans  in  remedy  of  existing  evils. 

Acting  upon  the  reports  of  this  Board,  several  cities  are  now  making 
preparations  for  the  disposal  of  their  sewage  by  various  methods  of 
purification  and  dilution. 

In  connection  with  some  of  these  systems  the  fluid  portion  of  the 
sewage  is  utilized  as  a  fertilizer  of  farm  land. 

Judging  from  the  very  extended  range  of  discussion  following  the 
pajiers  of  Messrs.  Stearns  and  Allen,  read  before  the  Convention  in  1887, 
the  views  of  the  members  of  the  profession  are  very  much  at  variance 
with  each  other,  regarding  the  eflficiency  and  economy  of  the  different 
methods  of  sewage  disposal,  and  the  results  of  the  numerous  experi- 
ments made  upon  extensive  scales  in  Europe  are  too  conflicting  to 
warrant  us  in  drawing  any  general  conclusions,  or  to  justify  us  in  the 
adoption  of  similar  methods  in  this  country  at  this  time,  without  a  very 
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•exhaustive  examination  of  all  the  conditions  and  circumstances  govern- 
ing each  particular  case. 

By  the  general  introduction  of  natural  gas  as  a  domestic  fuel  in 
Pittsburgh  aud  other  Western  cities,  a  large  amount  of  kitchen  garbage 
and  house  sweepings,  which  heretofore  were  regularly  burned  with  the 
solid  fuel  then  in  use,  can  no  longer  be  disposed  of  in  that  way  ;  and 
after  various  unsuccessful  attempts  to  bury  them,  deposit  them  in  the 
xivers,  and  burn  them  in  open  air,  a  number  of  specially  designed  fur- 
naces were  built  for  the  destructiou  of  these  accumulations,  to  which 
are  now  added  the  ofifal  from  slaughter  houses,  the  leached-out  bark 
from  tanneries  and  all  garbage  from  the  public  markets.  The  heat 
•created  by  the  combustion  of  these  waste  substances  is  successfully 
utilized  for  generating  steam  in  boilers  attached  to  the  furnaces,  which, 
without  the  addition  of  any  other  fuel,  excejot  what  is  required  for  igni- 
tion, suijply  the  motive  power  for  operating  the  machinery  in  adjoining 
factories  ;  so  that  these  establishments  not  only  improve  the  sanitary 
condition  of  the  communities  by  the  prompt  and  radical  destruction  of 
vegetable  and  animal  refuse,  otherwise  liable  to  decay  on  our  hands,  but 
also  furnish  a  cheaj:)  fuel  supply  for  industrial  purposes. 

Streets  and  Highways. 

Nearly  all  the  larger  cities  of  this  country  have  now  j^assed  the 
experimental  stages  of  their  street  paving  experiences,  and  have  by  this 
time  entered  upon  a  period  of  more  permanent  and  substantial  improve- 
ments in  that  dejiartment  of  municipal  engineering. 

The  days  of  wooden  roadways,  the  Nicholson,  the  cedar  aud  locust 
blocks,  will  soon  be  remembered  only  as  things  of  the  past,  like  the 
jjlank  roads  of  earlier  date. 

The  various  compounds,  with  which,  at  one  time  or  another,  nearly 
all  our  city  streets  have  been  plastered  over  and  poulticed,  have 
cracked  and  split,  shrunk,  melted  and  evaporated,  and  been  carried  off 
piecemeal,  in  course  of  time,  by  the  persistent  adhesion  of  their  ill- 
flavored  mixtures  to  the  boot  heels  of  the  weary  pedestrians  in  hot  weather. 

The  abominable  cobble  stones,  which  have  jarred  our  nerves  and 
dislocated  our  spinal  columns  in  years  gone  by,  are  finally  relegated  to 
the  by-streets  and  back-alleys. 

Such  make-shifts  may  answer  the  purpose  for  a  while  in  new  towns 
of  rapid  growth,  where  better  materials  are  not  readily  attainable,  and 
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•where  tlie  first  cost  is  a  paramount  consideration ;  but  they  should 
never  be  renewed  to  the  extent  that  has  been  the  case  so  often,  in  spite  of 
the  most  convincing  experiences,  and  contrary  to  the  best  counsel  of 
professional  advisers. 

The  sums  of  money  wasted  in  repeating  these  mistakes  would,  in 
inany  instances,  have  gone  far  towards  carrying  out  much  more  perma- 
nent and  substantial  improvements. 

For  streets  in  the  vicinity  of  freight  stations  or  of  manufacturing 
establishments  employing  heavy  teaming  ;  and  for  streets  with  steep 
gradients,  pavements  should  be  made  of  stone  blocks  or  basalt,  trap- 
rock,  granite  or  hard  limestone,  laid  upon  a  bed  of  broken  stone  ballast, 
topped  ofi"  with  sand  or  fine  gravel,  well  rammed  and  joints  filled  with 
cement  grouting  or  coal  tar  ;  for  streets  used  by  lighter  traffic  or  car- 
riages only,  a  well  laid  pavement  of  pure  asphalt  upon  a  bed  of  stone 
ballast  answers  the  purpose  very  well,  if  prompt  attention  is  given  to 
the  maintenance  and  necessary  repairs  ;  for  parks  and  suburban  pleasure 
drives  a  good  macadamized  road,  well  drained,  and  constantly  kept  in 
condition,  afifords  a  very  superior  and  comfortable  highway. 

Of  late  years,  pavements  of  hard-buint  fire-clay  brick  have  been  ex- 
tensively laid  in  many  cities  and  towns  of  the  Middle  States,  where  the 
supply  of  this  material  is  very  abundant  and  remarkably  cheap.  In 
some  towns  of  West  Virginia  and  eastern  Ohio  such  pavements  have 
been  laid  for  less  than  a  dollar  per  square  yard;  they  make  smooth  road- 
ways, are  easily  kept  clean,  and  last  very  well  under  moderately  heavy 
traffic. 

This  pavement  is  especially  well  adapted  for  cities  of  medium  size, 
which  cannot  well  afford  more  expensive  kinds,  and  yet  require  something 
more  substantial  and  durable  than  either  asphalt  or  macadam. 

But  if  there  is  one  thing  which  needs  reformation  more  than  any 
•other,  it  is  the  condition  of  our  common  county  roads.  If  it  is  true 
that  the  highways  of  a  people  are  a  measure  of  its  civilization,  then  we 
cannot  complain  if  we  are  classed  as  an  inferior  type  of  low  barbarians. 
The  good  nature  with  which  we  submit  to  the  imposition  of  the  annual 
road  tax  is  only  equalled  by  the  sublime  resignation  with  which  we  accept 
the  result  of  the  effort  which  swallowed  up  our  money.  Our  Western 
members  all  know  what  is  meant  by  "  working  the  roads."  It  means 
to  plow  a  furrow  on  each  side,  and  scrape  the  mud  into  a  ridge  in  the 
middle,  simply  to  be  washed  down  again  into  the  ditches  by  the  first 
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shower  of  rain.  And  this  performance  is  repeated  year  after  year,  under 
the  provisions  of  our  statutes,  and  by  the  consent  of  a  law-abiding  but 
much-suffering  people.  During  the  spring  and  fall  we  struggle  through 
the  mud  manfully,  as  best  we  can,  and  when  winter  comes,  and  the  bot- 
tom literally  drops  out  of  the  roads,  we  quietly  compose  ourselves  and 
contentedly  stay  at  home. 

Some  years  ago,  while  out  on  an  exploring  expedition  for  a  railroad 
in  Southern  Ohio,  I  was  compelled  to  hibernate,  so  to  speak,  with  my 
entire  party  for  nearly  a  month  in  a  lonely  village  among  the  hills  of 
Wills  Creek,  in  Noble  County,  and  when  I  made  an  effort  to  advise  my 
employers  of  our  situation,  I  was  cheered  by  the  comforting  assurance 
of  the  postmaster  that  my  letter  would  certainly  go  out  just  as  soon  as 
the  roads  dried  up. 

A  faint  ray  of  hope,  however,  is  just  beginning  to  dawn  in  some 
parts  of  the  country,  most  conspicuously  in  Ohio,  where,  under  the 
provisions  of  a  recent  law,  a  number  of  free  tiirnpikes  are  being  built, 
of  quite  a  superior  character,  by  special  tax  levied  upon  the  adjacent 
pro2:)erty. 

The  beneficial  results  of  this  wise  system  of  improvements  are  very 
great  and  highly  appreciated  by  the  people,  and  it  is  sincerely  to  be 
hoped  that  other  States  will  profit  by  the  example. 

Canals  and  Hydkaulic  Engineering. 

The  days  of  ordinary  canal  navigation  in  the  interior  parts  of  this 
country  may  well  be  considered  as  numbered  with  the  past.  With  the 
exception  of  the  Erie  Canal,  which  still  maintains,  to  some  extent,  its 
character  as  a  waterway  of  commerce,  and  excepting  some  parts  of  the 
canals  in  eastern  Pennsylvania,  New  Jersey,  Maryland,  Ohio  and  Illi- 
nois, these  primitive  transportation  lines  have  either  been  abandoned 
entirely,  after  outliving  their  short  period  of  usefulness,  or  they  are 
now  merely  utilized  for  carrying  bulky  products  between  local  j^oints, 
or  for  the  supply  of  hydraulic  power  to  manufacturing  establishments- 

The  cargo  displacament  of  an  ordinary  canal  boat  is  32  tons,  which  is 
just  about  equal  to  the  carrying  capacity  of  a  modern  railroad  freight 
car.  The  canal  boat  moves  during  the  open  season  at  a  speed  of  about 
4  miles  per  hour;  a  railroad  car  travels  all  the  year  round,  and  at  the  rate 
of  25  miles  j^er  hour. 
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No  wonder  that  out  of  ■!  468  miles  of  canals  built  in  the  United 
States  prior  to  1840,  at  a  cost  of  S214  000  000,  1  953  miles  have  been 
abandoned  entirely,  and  tlie  remaining  portions  have  long  ago  ceased  to 
be  remunerative. 

Considering  the  time  when  these  works  were  built,  and  the  limited 
practical  experience  of  their  projectors,  they  show  even  in  their  dilapi- 
dated condition  many  evidences  of  superior  skill  and  good  judgment, 
both  in  location  and  construction.  Some  of  the  old  aqueducts  on  the 
western  j^ortion  of  the  Pennsylvania  Canal,  which,  in  connection  with 
the  inclined  planes  over  the  Allegheny  Mountains,  constituted  for  many 
years  a  great  highway  of  commerce,  are  even  at  this  day,  as  ruins,  grace- 
ful objects  and  picturesque  features  of  the  landscape. 

The  decline  in  the  commerce  of  our  inland  canals  has  been  followed, 
in  a  somewhat  less  marked  degree,  by  a  general  reduction  in  the  traffic 
upon  our  navigable  rivers.  If  this  reduction  does  not  amount  to  a  posi- 
tive diminution,  as  compared  with  former  periods,  the  results  certainly 
show  that  there  has  been  a  relative  reduction,  when  compared  with  the 
increase  in  jiopulation  and  the  development  of  the  tributary  country.  In 
view  of  the  free  navigation  upon  these  rivers,  and  the  generous  and 
liberal  efforts  of  the  United  States  Government  to  maintain  and  improve 
their  condition  by  expensive  locks,  dams  and  other  methods,  this  de- 
cline, amidst  the  general  progress  and  ijrosperity  all  around  us,  would 
be  rather  discouraging  if  it  were  not  for  the  local  benefits  which  the 
river  traffic  still  confers  upon  the  immediate  inhabitants,  by  the  cheap- 
delivery  of  fuel  and  other  articles  of  daily  necessity  in  ordinary  life. 
Still  more  discouraging  are  the  immediate  prosi^ects  for  the  various 
maritime  caual  projects. 

The  Panama  Canal,  upon  which  very  large  sums  of  money  have  been 
exi^ended,  has  finally  been  abandoned  after  many  unsuccessful  efforts  of 
its  projectors  to  raise  the  funds  still  reqiiired  for  its  completion,  and 
after,  as  a  last  resort,  modifying  the  original  plans  of  a  sea- level  canal 
to  one  with  locks.  But  notwithstanding  this  momentary  failure,  I  most 
sincerely  hope — and  I  honestly  believe — that  it  is  yet  reserved  for  Ameri- 
can engineering  skill  and  American  enterprise  to  resurrect  and  success- 
fully carry  forward  this  great  and  imjiortant  project  to  its  ultimate  com- 
pletion. 

The  Tehuantepec  Ship  Railway,  which,  for  the  purpose  on  hand,^ 
may  properly  be  classed  with  the  maritime  canals,  has  not  met  thus  far 
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with  the  encouragement  which  its  importance  and  the  unqualified  en- 
dorsements of  eminent  professional  talent  would  seem  to  justify. 

Probably  the  sad  fate  of  its  Panama  rival,  which  places  it  for  the 
present  out  of  the  range  of  active  competition,  may  assist  in  reviving 
the  ship  railway  project  to  which  our  lamented  fellow  member,  the  late 
Captain  Eads,  devoted  his  energies  during  the  last  years  of  his  useful 
life. 

New  interest  is  being  manifested  in  the  old  Ship  Canal  project  across 
the  Isthmus  of  Nicaragua,  which,  in  the  matter  of  demonstrable  feasi- 
bility, undoubtedly  has  many  points  in  its  favor. 

The  entire  problem  of  inter-oceanic  communication  by  w^ay  of  the 
American  Isthmus  is  presented  in  a  very  comprehensive  report  to  the 
United  States  Navy  Department  by  Lieutenant  J.  T.  Sullivan:  and  the 
merits  of  the  different  canal  routes  have  been  made  known  to  the  pro- 
fession through  a  contribution  to  our  Transactions  by  A.  G.  Menocal, 
M.  Am.  Soc.  C.  E.,  and  through  the  extensive  and  exceedingly  interest- 
ing discussion  of  that  paper  by  a  large  number  of  our  members  ten 
years  ago. 

Among  other  ship  canal  projects  in  active  progress  may  be  men- 
tioned the  Cape  Cod  Canal,  which  was  commenced  in  1880,  and  which 
will,  when  completed,  connect  the  Bay  of  Cape  Cod  by  way  of  Herring 
Eiver  with  the  head  of  Buzzard  Bay  in  Massachusetts. 

The  magnificent  success  of  the  ship  canal  at  Sault  Ste.  Marie,  not 
only  as  an  engineering  project,  but  also  as  a  commercial  enterprise,  has 
surpassed  all  exi^ectations,  and  since  its  comjiletion  the  traffic  upon  the 
Northern  Lakes  has  been  multiplied  to  such  an  extent  that  it  has  been 
found  necessary  to  build  an  additional  canal  and  a  new  lock  of  larger 
dimensions  even  than  the  one  now  in  use. 

The  high  tribute  paid  to  this  monument  of  American  engineering 
skill  by  Mr.  Samuel  Keefer  in  his  recently  delivered  annual  address  to 
the  Canadian  Society  of  Civil  Engineers  must  certainly  be  very  gi'atifying 
to  the  national  pride  and  professional  ambition  of  the  engineers  con- 
nected with  this  excellent  work.  The  direct  impulse  given  by  the  com- 
pletion of  this  canal  to  the  lake  navigation  and  the  indirect  efiect 
upon  the  general  business  of  that  region  of  country  has  stimulated 
the  work  on  the  hydraulic  canal  at  Sault  Ste.  Marie,  from  which 
great  results  are  expected,  and  it  has  also  hastened  the  operations  in 
progress  for  deepening  and  widening  the  channels  throvigh  the  shallow 
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parts  of  Hay  Lake,  whereby  the  route  from  Lake  Huron  to  Lake  Supe- 
rior will  be  considerably  shortened  and  generally  improved. 

A  project  is  now  being  agitated  contemplating  a  direct  connection 
between  Lake  Superior  and  Lake  Michigan  across  the  narrow  portion 
of  the  peninsula  between  Marquette  and  Escauaba,  whereby  the  pas- 
sage through  the  Sault  Ste.  Marie  would  be  entirely  avoided  and  much 
distance  saved  for  the  traffic  between  Lakes  Superior  and  Michigan. 

In  the  extension  of  the  river  walls  in  New  York  Harbor  under  the 
Department  of  Docks,  large  concrete  blocks  are  being  used,  weighing 
from  60  to  75  tons,  and  requiring  hoisting  machinery  of  extraordinary 
size  and  power  to  place  them  in  position. 

Similar  blocks  are  being  placed  in  the  walls  along  the  lake  front  in 
Chicago,  where  they  have  been  found  to  resist  eflfectually  the  action  of 
the  waves  in  places  where  all  former  methods  of  protection  have 
failed. 

Railroads. 

Sixty  years  ago  railroads  were  unknown  in  this  country.  At  that 
time  the  population  of  the  United  States  consisted  of  12  000  000  of 
people.  To-day  we  operate  160  000  miles  of  railroad  and  our  jjopula- 
tion  has  increased  to  60  000  000  of  people. 

In  1830  the  aggregate  wealth  of  the  United  States  was  less  than 
^1  000  000  000.     At  present  it  is  estimated  at  856  000  000  000. 

Just  how  much  of  this  phenomenal  prosperity  may  be  due  to  the 
railroads,  it  is  of  course  impossible  to  conjecture,  but  it  may  be  safely 
assumed  that  they  have  very  largely  contributed  to  the  result. 

"While  the  population  has  increased  during  the  last  fifty  years  about 
350  per  cent.,  the  ratio  of  increase  of  the  railroad  mileage  for  the  same 
period  has  been  nearly  four  times  that  of  the  ijopulation;  which  would 
seem  to  indicate  that  they  have  not  only  sui^plied  a  want  of  the  j^ast, 
but  have  kept  well  up  with  the  contemporaneous  growth  of  the  country, 
if  they  have  not  indeed  advanced  beyond  its  actual  necessities. 

The  railroad  mileage  of  the  United  States  is  now  fully  one-half  that 
of  the  total  railroad  mileage  upon  this  globe,  while  our  population  is 
only  about  one-twenty-fourth  part,  and  our  area  of  territory  only  about 
one-twentieth  jjart  of  that  of  the  inhabited  world. 

You  have  all  heard  the  familiar  illustration  about  girdling  the  equator 
a  dozen  times  more  or  less  with  our  railroad  tracks ;  but  it  will  no  doubt 
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please  you  to  know  that  since  you  heard  this  statement  last,  enough  ad- 
ditional rail  has  been  laid  to  give  the  equator  another  twist;  and  I  might 
farther  supplement  the  illustration  by  the  assurance  that  we  have  now  a 
sufficient  supply  of  materials  in  the  tracks  of  this  country  to  build  a  rail- 
road to  the  moon. 

Over  these  160  000  miles  of  railroad  we  have  carried  last  year 
475  000  000  of  people  and  transported  600  000  000  tons  of  freight. 
Upon  these  lines  are  engaged  1  000  000  employees.     Their  equipment 

•  consists  of  30  000  locomotives,  21  000  passenger  cars,  7  000  baggage 
cars,  and  1  000  000  freight  cars.  The  capital  invested  in  their  con- 
struction and  equipment  amounts  to  $8  000  000  000,  and  the  yearly  dis- 
bursements for  labor  and  supplies  exceed  3600  000  000. 

This,  it  must  be  admitted,  is  a  marvelous  showing  for  a  period  of 
three  score  years;  sufficient  to  awake  astonishment  even  in  a  country 
•like  ours,  whose  general  growth  and  development  have  been  on  a  most 
prodigious  scale,  and  where  everybody  is  so  accustomed  to  gigantic 
•results,  that  even  the  most  startling  statistics  fail  to  create  surprise. 

The  creation  of  these  vast  properties  has  been  accomplished  by 
aggregation  rather  than  by  preconcerted,  systematic  development. 

The  trunk  lines  of  the  present  day  are,  to  a  great  extent,  composed 

•  of  pieces  of  roads  originally  built  by  local  enterprises,  and  absorbed, 
•from  time  to  time,  by  lease  or  purchase,  to  constitute,  with  other  acqui- 

•  sitions,  in  connection  with  some  specially  constructed  connecting  links, 
the  various  systems  under  the  management  and  control  of  the  leading 
railroad  companies  of  the  country. 

As  may  be  readily  imagined,  the  construction  of  our  earlier  railroad'^, 
■  as  well  as  their  management  and  operation,  were  conducted  upon 
primitive  principles,  naturally  conditioned  by  prevailing  circum- 
stances. 

Although  there  are  many  notable  exceptions,  the  locations  of  these 

•  earlier  lines  generally  were  made  with  very  little  appreciation  of  their 
immediate  purpose,  and  less  conception  of  their  ultimate  requirements. 
"While  some  inferior  lines,  which  have  never  developed  into  any  import- 
ance, were  located  and  constructed  by  engineers  with  exceedingly 
exalted  ideas  of  their  future  possibilities,  and  upon  a  scale  of  ex- 
travagance even  now  inadmissible  upon  the  best  roads  of  the  country, 
many  others  were  built  of  such  an  inferior  character  as  to  make  their 

ifuture  operations  either  permanent  failures,  or  requiring  large  expendi- 
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tures  for  improvements,  amoiiuting,  in  many  instances,  to  complete  re- 
construction. 

Such  refinements  as  equating  the  gradients  upon  curves,  or  adopting 
transition  curves  for  easement  at  their  terminals,  or  the  introduction  of 
vertical  curves  upon  summits  or  in  depressions,  were  rarely  used. 

Stone  arches  were  built  without  reference  to  the  laws  of  their 
stability;  retaining  Avails  were  constructed  without  knowledge  of  the 
pressures  they  were  exj)ected  to  resist;  and  the  wooden  Howe  Truss  and 
McCollum  Bridges  were  erected  by  their  patentees  upon  the  crudest 
designs  and  accepted  in  good  faith  without  check  or  scrutiny.  The  only 
domestic  literature  then  extant,  giving  information  upon  the  general  prin- 
ciples of  bridge  construction,  was  Squire  Whipple's  earlier  treatise,  and 
Herrman  Haupt's  book,  published  in  1851;  but  only  a  few  of  those  engaged 
in  the  profession  at  that  time  were  able  to  profit  by  their  teachings. 

The  great  majority  of  the  engineers  then  in  charge  of  these  enter- 
prises were  men  of  limited  professional  attainments  and  of  little  prac- 
tical experience. 

The  opportunities  for  acquiring  a  technical  education  and  syste- 
matic practical  training  were  few  in  number  and  on  a  contracted  scale; 
and  since  there  had  been  but  very  little  need  for  engineers  up  to  that 
time,  the  supply  naturally  corresponded  with  the  demand. 

But  with  the  inauguration  of  the  railroad  era,  engineers  came  into 
demand  and  the  supply  was  forthcoming  at  once. 

Scores  of  the  ambitious  youth  of  the  country,  with  far  more  self- 
confidence  and  assurance  than  was  warranted  by  their  stock  of  knowl- 
edge, sallied  forth  with  transits  upon  their  shoulders,  Henck's  Field 
Book  in  their  pockets,  and  an  abiding  faith  in  Providence  to  help  them 
out  in  a  pinch. 

The  tracks  of  some  of  the  earlier  roads  were  laid  with  so-called  strap 
rail,  being  flat  bars,  spiked  to  longitudinal  stringers,  supported  at  inter- 
vals by  cross  timbers.  The  T  rails  which  came  into  use  soon  after 
were  all  of  iron  and  imported  from  abroad.  They  were  of  every  con- 
ceivable pattern  and  shape,  from  45  to  50  pounds  weight  per  yard,  and 
in  lengths  of  from  15  to  18  feet.  The  fastenings  at  the  joints  were 
generally  composed  of  small  wrought-iron  lip  chairs;  the  cross-ties, 
although  good  timber  was  abundant  and  cheajj,  were  rough  hewn  and 
ill  shaped.  Ballast  was  considered  a  luxury  in  which  but  few  roads 
could  aftbrd  to  indulge. 
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Wooden  trestling  was  used  very  extensively  to  save  embankments 
and  bridges,  and  the  material  employed  in  its  construction  was  gener- 
ally tlie  rough  hewa  timber  of  the  adjacent  country,  indifferently  framed 
by  unskillful  men.  The  switches  and  frogs  were  constructed  as  if  with 
the  special  object  to  have  their  presence  distinctly  felt  in  passing  over 
them,  and  I  can  say  from  personal  experience  that  they  answered  that 
purpose  remarkably  well. 

Mean  time  the  engineers  who  had  charge  of  this  kind  of  work 
literally  earned  their  bread  by  the  sweat  of  their  brows.  The  young 
men  of  the  present  generation  may  think  that  the  life  of  a  railroad 
engineer  is  one  of  toil  and  trouble;  but  in  the  days  of  which  I  speak 
it  was  a  life  of  hardship  indeed. 

Aside  from  the  many  privations  in  connection  with  their  labor  in 
the  field,  even  their  office  work  had  to  be  performed  under  many  dis- 
advantages. 

Such  simple  articles  of  common  use  as  ruled  profile  paper  and  printed 
cross-section  paper,  continuous  roll  drawing  paper  and  tracing  cloth 
were  unknown  ;  the  i^lanimeter,  the  slide  rule  and  calculating  machine 
had  not  yet  been  invented  ;  and  the  labor-saving  operations  by  the  vari- 
ous multiplying  and  reproduction  processes  by  blue  and  black  printing,, 
hectograph  and  electric  copying,  stenography  and  typewriting,  were  not 
even  dreamed  of. 

Just  as  soon  as  the  overworked  and  underpaid  engineer  had  finished 
his  task  and  o^jened  his  road  for  traffic,  his  employment  ceased,  and  he 
would  leave  the  service,  generally  receiving  in  final  settlement  the 
worthless  obligations  of  his  insolvent  employers. 

The  establishment  of  passenger  and  freight  stations,  repair  shops, 
water  and  fuel  stvtions,  turn-tables,  freight  and  transfer  yards,  was  gen- 
erally deferred  until  the  development  of  the  traffic  indicated  their  want. 
The  many  ruins,  hideous  of  design  and  monstrous  of  construction,  which 
we  still  find  scattered  about  in  different  parts  of  the  country,  date  back 
to  that  transition  period  in  the  administration  of  railroads,  when  the 
duties  of  the  engineer  were  performed  by  sui^erintendents  promoted 
from  brakemen  and  general  managers  evolved  from  messenger  boys. 

In  harmonious  keeping  with  the  track  and  road-bed,  and  with  the 
stations  and  yard  plans,  was  the  motive  power  and  rolling  stock 
ec^uipment,  and  the  various  fixture-i  and  appliances  pertaining  thereto. 

When  the  venerable  and  venerated    Nestor  of   this   Society,   Past 
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President  Horatio  Allen,  in  his  report  to  the  South  Carolina  Railroad 
Company,  in  the  year  1829,  suggested  "  That  the  breed  of  horses  could 
not  be  very  materially  imi^roved,  but  that  no  one  could  foresee  what  the 
breed  of  locomotives  would  bring  forth  in  the  future,"  his  iDrophetic 
vision  could  not  have  revealed  what  his  own  eyes  have  been  spared  to 
behold  this  day. 

The  gradual  development  from  the  "  Stourbridge  Lion,"  the  "  South 
Carolina,"  the  "De  Witt  Clinton,"  and  the  various  specimens  of  the  so. 
called  "  Grasshoi^per  Type  "  of  locomotives  of  fifty  years  ago,  to  the 
creation  of  the  magnificent  passenger  engines,  the  powerful  consolida- 
tions and  the  ponderous  decapods  of  our  day,  has  been  traced  recently 
in  such  an  attractive  fo/m  by  our  fellow  member,  Mr.  M.  N.  Forney,  in 
one  of  the  leading  i^opular  magazines,  that  it  would  be  but  a  vain 
attempt  on  my  part  to  interest  you  by  anything  I  could  add  to  the  sub- 
ject. 

Not  less  marked  is  the  growth  from  the  primitive  passenger  w^agons, 
resembling  the  once  famous  "  Conestogas,"  to  the  gorgeous  and  luxuri- 
ous parlor  cars  and  sleeping  coaches,  furnished  with  every  comfort  of 
home  life  and  equipped  with  every  conceivable  improvement  of  modern 
times. 

The  high  state  of  perfection  and  general  efficiency  now  attained  in 
the  operation  of  the  better  class  of  railroads  in  this  country  is  due  to  the 
superior  condition  of  their  permanent  w^ay,  brought  about  by  a  better 
construction  of  the  lines  recently  built,  as  well  as  by  the  improved  con- 
dition of  the  older  lines  ;  and  also  to  the  wonderful  increase  in  the 
effectiveness  of  our  motive  power  and  the  larger  carrying  capacity  of  our 
rolling  stock. 

The  almost  universal  use  of  steel  rail  of  larger  size,  held  in  proper 
alignment  by  strong  and  efficient  splice  joints,  and  secured  on  sharp 
curves  by  heavy  braces,  spiked  thoroughly  to  sound  hardwood  ties, 
spaced  closely  together,  and  laid  upon  a  thick  bed  of  clean  ballast,  on  a 
road-bed  w^ell  drained,  continuously  fenced  and  carefully  guarded  at 
the  crossings ;  together  with  the  largely  increased  tractive  power  of 
our  engines  and  the  wonderfully  enlarged  capacity  of  our  freight 
equipment,  supplied  with  power  brakes,  rigid  couplers,  and  protected 
by  efficient  signal  api^liances,  ample  station  facilities  and  well  dis- 
ciplined employees,  the  whole  managed  by  competent  and  scientifically 
trained  officers  ;    all  these  qualities  combined  make  it  possible  to  con- 
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duct  the  railroad  service  of  the  country  with  ijromptness  and  safety,  and 
at  exceedingly  low  rates  of  compensation. 

Among  the  notable  reformatory  features  of  modern  railroad  progress 
in  this  country  is  the  general  tendency  towards  uniformity. 

The  broad  gauges,  originally  adopted  upon  some  of  the  roads  con- 
trolled by  English  capital,  have  all  disappeared  ;  the  narrow  gauges  are 
spreading  out  to  the  prevailing  standard  as  fast  as  they  can,  the  5 -feet 
Southern  gauge  is  a  thing  of  the  i^ast,  and  there  now  remains  i)rac- 
tically  but  one  gauge  with  a  varying  limit  of  one-half  of  an  inch. 

The  adoption  of  uuiform  standard  time  for  the  different  sections  of 
the  country  corresi)onding  in  longitudinal  distance  to  one  hoar's  differ- 
ence in  time,  is  universally  recognized  as  a  measure  of  great  benefit 
in  the  operation  of  railroads  throughout  the  country. 

By  the  adoption  of  a  uniform  code  of  signals  much  confusion  is 
avoided,  and  the  accidents  resulting  from  misunderstanding  of  signals 
are  materially  reduced. 

The  adoption  of  a  uniform  type  of  car  couplers  makes  the  aj^plication 
of  power  brakes  on  freight  trains  practicable  ;  and  while  it  admits 
of  gi'eater  speed,  it  diminishes  the  liability  to  accidents  by  collisions 
and  derailments,  and  prevents  much  personal  injury  to  emi^loyees. 

Through  the  jDersistent  efforts  of  the  Master  Car  Builders'  Association 
uniform  standards  have  been  adopted  in  many  of  the  details  and  minor 
ai^pliances  connected  with  the  rolling  stock  equipment ;  all  tending  to 
simplify  the  shop  work,  and  producing  increased  efficiency  with  a  re- 
duction of  cost. 

The  gradual  establishment  of  interlocking  systems  at  railroad  cross- 
ings, in  depot  yards  and  at  junction  points,  affords  not  only  increased 
security  against  collisions,  but  materially  facilitates  the  rapid  movement 
of  traffic. 

By  a  rigid  observance  of  the  Block  Signal  System  rear  collisions  can 
be  made  virtually  impossible,  and  by  a  judicious  employment  of  electric 
safety  signals  at  exposed  and  dangerous  points,  collisions  can  be  effectu- 
ally avoided  even  on  single  track  lines. 

The  numerous  accidents  which  happen  at  points  where  public  high- 
ways cross  the  railroads  at  grade,  in  spite  of  alarm  bells,  watchmen  and 
safety  gates,  have  led  to  the  enactment  of  laws  in  some  of  the  Eastern 
States  looking  towards  a  gradual  abandonment  of  existing  crossings  and 
the  absolute  prohibition  of  new  ones  in  the  future. 
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During  the  years  1887  and  1888  there  were  abolished  in  Connecticut 
ninety-three  grade  crossings  at  a  cost  of  8625,000. 

In  Massachusetts  a  special  committee  of  the  Legislature  has 
recently  rei^orted  upon  this  subject,  recommending  that  all  dividend 
paying  roads  eliminate  annually  5  i^er  cent,  and  all  non-dividend  pay- 
ing roads  2  J  per  cent,  of  their  grade  crossings  at  the  joint  expense  of 
the  railroads  and  communities,  and  that  in  future  no  grade  crossings 
shall  be  permitted. 

It  is  to  be  hoped  that  the  beneficial  results  of  these  wise  measures 
will  induce  other  States  to  take  this  subject  under  serious  considera- 
tion. 

The  most  noteworthy  engineering  feature  in  connection  with  the 
general  jirogress  of  railroad  construction  in  this  country  is  the  building 
of  bridge  structures  ui^on  a  constantly  increasing  scale. 

In  1862  I  triangulated  the  positions  and  laid  the  foundations  for  the 
I^iers  of  the  channel  span  of  the  Ohio  River  bridge  at  Steubenville. 
This  was  the  first  iron  railroad  bridge  over  any  of  the  navigable  tribu- 
taries of  the  Mississippi  River.  The  length  of  its  channel  span  was  320 
feet,  and  it  was  the  longest  iron  truss  ever  attempted  uji  to  that  time. 
It  was  designed  by  Mr.  J.  H.  Linville,  still  a  member  of  this  society, 
and  it  has  carried  in  safety  and  without  accident  the  traffic  of  one  of  the 
principal  "Western  connecting  lines  of  the  Pennsylvania  Railroad  for 
twenty-five  years,  and  is  now  being  replaced  by  Mr.  Henry  G.  Morse, 
also  a  member  of  this  Society,  to  make  room  for  a  double-track 
structure. 

To-day  twelve  railroad  bridges  span  the  Ohio  River  between  Pitts- 
burgh and  Cairo,  and  two  more  are  in  process  of  construction.  There 
are  fourteen  railroad  bridges  over  the  Mississippi  and  fifteen  over  the 
Missouri.  Many  of  these  structures  have  spans  of  500  feet,  and  one  of 
the  projected  bridges  over  the  lower  Mississippi  was  designed  with  a 
span  of  730  feet;  but  this  plan,  I  understand,  has  been  abandoned,  and 
a  cantilever  structure  adopted  in  its  place. 

The  erection  of  these  large  bridges  has  become  a  special  business  in 
this  country,  and  the  leading  contractors  engaged  in  that  pursuit  have 
acquired  wonderful  skill  in  the  performance  of  this  dangerous  and 
diflBcult  work.  Few  people  appreciate  the  risks  and  hardships  en- 
countered and  the  courage  and  judgment  required  in  dismantling  an 
old  railroad  bridge  and  erecting  a  new  one  in  its  place,  with  a  deep  and 
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rapid  river  running  underneath,  a  strong  wind  blowing, 'and  a  hundretl 
trains  passing  daily  over  the  frail  temporary  supports,  which  must  carry 
tlie  traffic  during  the  replacement. 

The  mere  erection  of  entirely  new  structures  free  from  the  incum- 
brance of  moving  traffic  is  considered  an  easy  job. 

In  October  last  the  contractors  engaged  in  the  erection  of  the  bridge 
at  Cairo  swung  free  and  clear  a  520-feet  span  in  six  days;  and  in 
November  last  the  same  parties  erected  the  trusses  of  another 
span  of  520  feet  in  forty-four  hours,  and  more  recently  they  ^erected 
a  4:00-feet  span  in  thirty-one  hours,  the  wind  blowing  a  gale  nearly  all 
the  time. 

The  successful  completion  during  the  past  year  of  the  Hudson  Biver 
Cantilever  Bridge  at  Poughkeepsie  reflects  great  credit  upon  the 
builders  and  engineers  in  charge,  and  the  equally  successful  comple- 
tion and  skillfully  conducted  erection  of  the  Hawkesbu  ry  Bridge  in  New 
South  Wales  adds  new  fame  to  the  same  firm  of  contractors,  whose 
leading  partners  are  all  jjrominent  members  of  this  Society. 

Whether  the  limit  of  jjossibilities  in  bridge  construction  will  be 
reached  in  the  execution  of  Mr.  Gustav  Lindenthal's  design  of  a  rail- 
road suspension  bridge  over  the  Hudson  Biver,  with  a  span  of  2  800 
feet,  resting  upon  towers  500  feet  high,  and  carrying,  in  addition  to 
wagon-ways  and  foot-walks,  six  railroad  tracks  at  a  height  of  150  feet 
above  water;  or  whether  the  projected  crossing  of  the  British  Channel 
will  require  still  larger  dimensions,  are  problems  which  may,  perhaps, 
interest  at  some  future  day  the  younger  members  of  this  Society. 

The  recent  revival  of  the  temporarily  abandoned  Hudson  Biver 
Tunnel  project  and  the  proposed  tunnel  under  the  river  at  Detroit  are 
enterprises  demanded  by  the  necessities  of  continuous  transportation 
lines  for  the  through  traffic  of  our  railroads. 

The  efficiency  attained  iinder  the  admirable  system  of  our  modern 
railroad  workshops  is  graphically  illustrated  by  the  recent  erection  of  a 
locomotive  in  the  Altoona  shops  of  the  Pennsylvania  Bailroad  in  six- 
teen hours  and  fifty  minutes.  Photographic  views  were  taken  at  inter- 
vals, showing  that  at  7  o'clock  in  the  morning  the  bare  skeleton  frame 
and  cylinders  rested  upon  wooden  blocks  and  screw  jacks.  At  noon  the 
fire-box  and  boiler  had  been  mounted.  During  the  afternoon  working 
hours  the  trucks  and  wheels  were  placed  in  position,  the  pilot  attached 
and  the  cab  erected.      Work  was  stopped  at  6  p.  m.    and   resumed  at 
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7  a.m.  the  next  day,  and  at  2.50  p.m.  the  locomotive  was  completed  and 
ready  to  start  on  its  journey. 

Aside  from  the  important  position  which  the  railroads  occupy  in 
the  commercial  world,  their  beneficent  influence  upon  the  social  rela- 
tions of  the  community  and  their  direct  effect  upon  the  advancement  of 
civilization  is  universally  admitted  by  all  intelligent  and  right  minded 
men. 

The  state  of  civilization  of  a  country  and  the  intellectual 
standard  of  its  people  are  measured  by  the  character  of  its  national 
literature.  If  the  same  conditions  apply  to  professional  occupations, 
then  the  quality  of  our  chosen  pursuit,  as  it  appeared  half  a  century 
ago,  was  certainly  not  a  very  exalted  one.  At  that  time  there  was 
scarcely  a  sign  of  original  American  engineering  literature  in  ex- 
istence. 

Our  text  books  were  translations  from  foreign  authors  even  down 
to  the  elementary  primers;  and  the  few  professional  standards  and 
treatises  on  special  subjects  were  either  imported  or  reprinted. 

To-day  the  jirinting  presses  of  our  publishing  houses  are  busy  with 
the  best  j^roductions  of  our  native  talent,  and  onr  professional  periodi- 
cals are  kept  abundantly  supplied  with  the  current  contributions  of 
our  brightest  workers  and  deepest  thinkers — while  the  selected  transac- 
tions of  our  technical  societies  fill  the  book-cases  of  their  members  and 
furnish  them  volumes  of  valuable  reference,  all  indicating  the  rapid 
march  of  our  advancing  civilization. 

The  condition  of  our  Society  is  gratifying  and  its  gi-owth  continues 
upon  an  increasing  scale.  Its  high  character  is  constantly  enhanced  by 
the  admission  of  new  members  j^repared  for  their  professional  duties 
by  a  thoroughly  scientific  training  in  schools  conducted  by  eminently 
qualified  teachers. 

The  high  educational  standard  now  attained  by  the  successful 
students  of  our  leading  technical  schools,  not  only  places  them  upon  an 
■equal  footing  with  the  other  learned  professions  in  social  life  and  busi- 
ness intercourse,  but  the  services  of  the  practicing  engineers  are  at  last 
beginning  to  command  their  merited  reward. 
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SOME  EXPERIMENTS  ON  THE  STRENGTH  OF 
BESSEMER  STEEL  BRIDGE  COMPRESSION 
MEMBERS. 


By  James  G.  Dagkon,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  use  of  steel  in  the  constructioii  of  the  Susquehanna  River  Bridge 
on  the  Philadelphia  Branch  of  the  Baltimore  and  Ohio  Railroad,  and  the 
lack  of  data  relative  to  the  strength  of  full  sized  steel  compression  mem- 
bers, led  to  experiments  Avhich  are  the  subject  of  this  i^aper,  and  which 
were  made  by  direction  of  the  Chief  Engineer. 

The  specifications  for  the  steel  to  be  used,  in  compression  members 

for  this  bridge,  were  as  follows: 

"  Steel  used  in  comj^ression  members  shall  be  open  hearth,  and 
shall  not  contain  more  than  one-teuth  (iV)  of  one  per  cent,  of  phos- 
johorus.  A  sample  bar  f  inch  in  diameter  shall  bend  180  degrees 
around  its  own  diameter  without  showing  crack  or  flaw,  and  when 
tested  it  shall  have  an  ultimate  strength  of  not  less  than  80  000  pounds- 
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per  square  inch,  and  an  elastic  limit  of  not  less  than  50  000  pounds; 
and  shall  elongate  at  least  fifteen  (15)  per  cent,  in  eight  (8)  inches,  and 
show  a  reduction  of  area  of  at  least  thirty  (30)  per  cent,  at  point  of  frac- 
ture." 

Although  the  specifications  excluded  Bessemer  steel,  it  was  after- 
wards decided  to  use  it,  and  the  columns  were  constructed  of  steel  made 
by  that  process.  ^ 

The  steel  used  was  made  by  the  Pittsburgh  Bessemer  Steel  Company, 
at  their  works  at  Homestead,  near  Pittsburgh,  and  was  rolled  by  the 
Union  Iron  Mills,  Pittsburgh. 

The  columns  were  constructed  at  the  shops  of  the  Keystone  Bridge 
Company,  Pittsburgh,  contractors  for  the  superstructure  of  this  bridge. 

The  formulas  specified  for  the  allowable  maximum  stresses  in  steel 
compression  members  Avhose  length  exceeded  sixteen  times  their  least 
diameter,  were  as  follows : 

For  posts  with  square  bearings ~, 

1  +  36  000  r' 

,       •                11000 
For  posts  with  one  pin  and  one  square  bearing, y, 


1  +  24  000  r^ 

11  000 
For  posts  with  pin  bearings to 


1+- 


18  000  r 


I  representing  the  length  of  posts  in  inches,  and  /•  the  least  radius  of 
gyration  of  the  section. 

These  formulas  are  an  adaptation  of  Eankine's  well  known  formula, 


in  which: 

P  =  Ultimate  load  in  pounds  producing   the  crushing  or  bending 

of  the  column. 
aS  =  Sectional  area  of  column  in  square  inches. 

/  ^  Constant,  supposed  to  be  equal  to   the  ultimate  resistance  per 
square  inch  of  a  short  column  whose  length  is  equal  to  its 
diameter. 
a  =  Constant,  varying  with  the  conditions  of  the  end-bearings  of  the 
column. 
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In  the  present  case  the  constant  /  was  assumed  equal  to  55  000 
pounds  instead  of  40  000  which  is  generally  used  by  American  Engineers 
in  the  case  of  wrought- iron,  and  it  was  hoped  that  the  results  of  the  ex- 
l^eriments  would  justify  this  assumption. 

The  columns  tested  were  eight  in  number,  of  the  following  lengths 
between  pyi  centers,  viz.,  16  feet,  20  feet,  24  feet  and  25  feet  7i  inches, 
two  columns  of  each  length  being  experimented  upon. 

The  six  shortest  columns  were  made  up,  as  follows: 

4  angles  2i  X  2i  X  i  inches =4.24  square  inches. 

2  plates  8     X     i  inches =4.00  " 

8.24 
The  two  longest  columns  were  composed  of  the  following  sections: 

4  angles  2}  x  2 J  x  iV  inches =  6.48  square  inches. 

2  plates  9    X     i  inches =6.75  " 

13.23 

The  rivets  used  were  of  soft  steel,  ^  inch  in  diameter,  and  power- 
driven.  The  details  of  construction  of  the  columns  are  shown  on 
Plate  No.  XL VII. 

The  columns  were  crippled  under  pressure  in  a  hydraulic  j^ress  at  the 
shoi^s  of  the  Keystone  Bridge  Company.  In  all  the  experiments  the  col- 
umns were  placed  horizontally  in  the  press,  without  any  intermediate 
guide  or  suj^i^ort,  being  coiinterbalancd.  at  the  center  by  one-half  their 
weight.  The  pins  in  all  cases  were  placed  in  a  horizontal  position. 
The  pressure,  which  was  recorded  by  a  mercurial  gauge,  was  applied  by 
increments  of  about  one  thousand  pounds  per  square  inch  of  sectional 
area  of  the  two  largest  columns,  and  of  about  fifteen  hundred  and  sev- 
enty-five jaounds  per  square  inch  of  sectional  area  of  the  six  smaller 
columns,  and  completely  released  between  each  application. 

The  vertical  and  horizontal  deflection,  and  the  compression  of  the 
column  under  each  ai^plication  of  pressure,  and  its  permanent  deforma- 
tion after  each  release,  were  carefully  measured. 

The  apparatus  used  in  measuring  the  compression  is  fully  described 
in  the  paper  on  "  The  Strength  of  Wrought-Iron  Columns,"  by  Mr.  G. 
Bouscaren,  M.  Am.  Soc.  C.  E. ,  Transactions,  Vol.  IX,  page  449,  and 
is  shown  on  Plate  XXIX  accompanying  that  paper. 

The  steel  made  for  the  experimental  columns  was  of  the  following 
chemical  composition: 

Carbon.         Mauganese.       Phosphorus. 

Blow  8845 26  .79  .067 

Blow   8847 27  .83  .067 
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and  when  tested  in  J -inch  rounds  rolled  from  a  l-incL  ingot,  it  gave  the 
following  results: 


Elastic  Limit,  in  pounds  per  square  iucb ;  51190 

ntimate  Strength,   •■                    "          "    ■  84  440 

Elongation  in  8  inclies,  per  cent i  18.75 

Reduction  of  area,  per  cent j  33.23 


the  fractures  showing  a  fine  grade  of  material.  The  test  rounds  were 
not  annealed,  and  were  tested  in  the  condition  in  which  they  left  the 
rolls.     No  tests  were  made  on  the  finished  material. 

The  i^hotograi^hs  reproduced  on  Plates  XLYIII  and  XLIX  show  the 
columns  after  failure,  and  the  jihotograplis  rej^roduced  on  Plate  L  show, 
on  a  larger  scale,  the  details  of  the  points  of  failure  of  the  columns. 

The  columns  failed  as  follows  : 

No.  1.  Failed  by  bending  downwards  at  rivet  in  latticing,  1  foot 
10^  inches  from  the  center,  buckling  flange  angles  and 
web  plate. 
No.  2.  Failed  by  bending  upwards  at  rivet  in  latticing  at  center, 

buckling  flange  angles  and  web  plate.     One  angle  was 

fractured  at  point  of  buckling,  and  also  at  the  two  adja- 
cent rivets  in  latticing. 
No.  3.  Failed  by  bending  upwards  between  latticing,  3  feet  from 

center,  buckling  tiange  angles  and  web  plate. 
No.  4.  Failed    by  l)ending  upwards  between  latticing,   4  inches 

from  center,  buckling  flange  angles  and  wel>  plate. 
The  fracture  in  angle  shown  by  jDhotograph  on  Plate  L  was 

caused  by  handling  subsequently  to  the  testing. 
No.  5.  Failed  l)y  bending  upwards  between  latticing,  9f  inches 

from  center,  buckling  flange  angles  and  web  plate. 
No.  6.  Failed  by  bending  upwards  between  latticing,  1  foot  5f 

inches  from  center,   buckling   flange   angles  and  web 

plate. 
No.  7.  Failed  by  bending  upwards  at  rivet  in  latticing,   3  inches 

from  center,  buckling  flange  angles  and  web  plate. 
No.  8.  Failed  by  bending  upwards  at  rivet  in  latticing,    1  foot 

from  center,  buckling  flange  angles  and  web  plate. 


In  every  case,  after  test,  the  rivets  of  each  column  were  found,  by 
hammer  test  to  be  perfectly  tight. 
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The  results  obtained  are  given  by  the  accompanying  table. 


o 

__ 

^ 

o 

o 

o 

o 

O 

C3 

o 

o 

o 

o 

O 

-  ^5' 

o 

o 

o 

o 

o 

o 

o 

o 

3  o3  3 

"«       2  O 

U5 

lO 

eo 

o 

~n 

oo 

t~ 

00 

O 

o 

I-H 

T-H 

o 

a 

U5 

t^ 

t- 

t> 

1-1 

00 

lO 

eo 

lO 

■<*< 

o     «(£ 

l> 

t- 

o 

IC 

<35 

00 

CO 

a 

S    w" 

(M 

Ci 

<M 

ei 

<M 

(M 

Ol 

<M 

ate 
h,  in 
1  per 
inch. 

O 

o 

O 

o 

O 

O 

o 

O 

(M 

IC 

-^ 

lO 

CO 

t^- 

t- 

I-H 

Suj-a  a> 

O 

IX) 

-^ 

o 

e» 

o 

lO 

00 

■^  a  aZ 

i-H 

1— 1 

Ci 

1— ( 

o 

o 

LO 

00 

—  41  s  « 
ts  f.  o  s 

■<1< 

-<*< 

n 

-J* 

'SH 

^ 

eo 

eo 

MP-g- 

<»     a 

o      o 

ill 

CO        <« 

o 

CO 

<x> 

o 

O 

o 

"<*< 

rj< 

00 

00 

o 

ao 
d 

00 
d 

00 

o 

00 

o 

eo 

eo 

(M 

(M 

<N 

<M 

(M 

c^ 

(M 

(N 

o 

V, 

..    o  o    . 

o-.§ 

-r** 

-* 

U5 

»o 

ITi 

LO 

IC 

lO 

O 

i:d 

b- 

t~ 

C5 

Ci 

«■§'■-  2 

®  0!  M 

o 

O 

o 

lO 

O 

o 

t- 

t- 

(M 

(ri 

(?« 

Cfl 

eo 

eo 

00 

00 

■* 

^ 

»o 

lO 

CO 

o 

lO 

1X5 

** 

-  =  a 

.d  — -^j    • 

Leng 
euter 
nter 
hole 

b 

b 

? 

^ 

o 

O 

V 

^- 

t~ 

o 

b 

o 

o 

^ 

•^ 

ib 

lO 

i-H 

1-H 

<M 

(M 

CM 

Ol 

(M 

(N 

o  o 

o 

Ts       $    • 

•>^ 

■^ 

•rf 

'^ 

-* 

-*l 

eo 

eo 

a    •  t-  B 

(M 

(M 

<M 

(M 

(M 

a 

c-- 

CI 

o  ?  2  S 

.X  <:^  3  .a 

00 

X 

00 

00 

00 

00 

e^ 

eo 

rH 

CQ 

1^  .a 

00 

00 

00 

00 

oo 

00 

a 

C5 

zr  o 

as 

a 

ov-i 

I-H 

<M 

CO 

-H 

lO 

o 

t> 

X 

Z  =5 

o 

o 

■<* 

cc 

4 

* 

• 

^ 

w* 

X 

- 

"* 

LO 

H 

1— 

X 

^ 

■5 

^ 

^ 

-^ 

^ 

X 

5 

^ 

-f 

Lt 

Lr: 

o 

J- 

;- 

? 

eo 

a 

a 

^ 

!        ^ 

> 

■^ 

£ 

£ 

^ 

^ 

^ 

^ 

;- 

^ 

a 

)        a 

" 

■* 

■* 

" 

*• 

;> 

«. 

c 

5       a 

;z 

;     C 

1 

DAGRON  ON"  STEEL  COMPRESSION"  MEMBERS. 


259 


Tlie  comparison  between  the  ultimate  resistances  obtained  and  those 
corresponding  to  the  formula  is  given  by  the  following  table: 


Ultimate  strength  in  pounds  per 

SQUARE   IN'CH. 

Katio  of  actual 

No.  OF   COLUMN. 

TO  calculated 

STRENGTH. 

Formula. 

Actual. 

1 

50  080 

41020 

81.90 

2 

50  080 

41  650 

83.16 

3  • 

47  680 

39  440 

82.50 

4 

47  680 

41650 

87.34 

5 

45  050 

40  230 

89.30 

6 

45  050 

40  070 

88.95 

7 

44  960 

35  570 

79.11 

8 

44  960 

38  810 

86.32 

The  values  of  the  constant  /  derived  from  the  experiments,  are  as 
follows : 

No.  /•  = 

1  45  050 

2  45  740 

3  45  490 

4  48  040 

5  49120 

6  48  920    Average =  47  060 

7  43  510 

8 47  480    Average =  45  495 

General  average  =  46  670 

the  general  average  for  the  eight  columns  being  therefore  15.15  per 
cent,  less  than  the  value  assumed  for  /  in  the  siiecification  formulas. 

The  results  obtained  in  these  tests  show  that  Rankine's  formula 
cannot  be  used  for  steel  columns  in  its  present  form,  by  simply  allowing 
an  increase  of  load  of  37 i  per  cent,  for  steel  over  iron  compression 
members.  If  this  formula  is  to  apply,  new  numerical  co-efficients  will 
have  to  be  determined  by  a  much  greater  range  of  experiments  than 
those  covered  by  the  present  pajDer,  and  it  may  then  be  found  that  in 
the  law  governing  the  flexure  of  steel  columns  of  a  given  grade  of  ma- 
terial, increasing  in  length,  the  lateral  stiffness  of  the  material  may 
become  a  factor  of  increasing  importance  in  determining  the  stability  of 
the  column,  as  has  been  stated  by  Mr.  James  Christie,  M.  Am.  Soc.  C. 
E.,  in  his  valuable  paper  on  "The  Strength  and  Elasticity  of  Structural 
Steel,"  in  Transactions,  Vol.  XIII,  August,  1884. 

These  few  experiments  are  laid  before  the  Society  in  the  hope  that 
they  may  prove  of  some  value  to  the  profession,  and  also  lead  some  of  our 
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large  steel  manufacturing  and  bridge-building  concerns  to  undertake  a 
thorough  series  of  investigations  on  the  strength  of  fall-sized  steel  com- 
pression members.  The  series  of  tests  should  embrace  a  certain  num- 
ber of  columns  of  edch  length,  with  different  grades  of  steel,  increasing 
in  carbon  percentages,  with  constant  manganese  percentage,  and  low  in 
phosphorus,  so  that  it  might  be  determined  which  grade  of  steel  gives 
the  best  results  consistent  with  safety.  Such  a  series  of  experiments 
would  no  doubt  result  in  a  more  general  use  of  steel  for  structural  pur- 
poses, as  engineers  would  then  be  better  able  to  j)roperly  proportion 
strueturos  to  be  built  of  a  metal  whose  one  great  advantage,  aside 
from  its  increased  strength,  is  that  it  permits  the  different  parts  of  the 
structure  to  be  built  with  different  grades  of  material  corresponding  to 
the  nature  of  the  strains  which  occur  in  them. 


DISCUSSION. 


James  Christie,  M.  Am.  Soc.  C.  E. — Experiments  on  the  com- 
pression of  solid  bars  of  either  iron  or  steel,  having  the  same  ratio  of 
length  to  section  (42  to  63)  as  the  columns  tested  by  Mr.  Dagron, 
usually  give  results  for  maximum  resistance  at  last  equal  to  the  elastic 
limit  of  the  material,  steel  bars  averaging  10  per  cent.,  andiron  bars 
about  25  per  cent.,  above  the  elastic  limit.  The  experiments  of  Mr. 
Dagron  on  built  columns  show  a  reduction  of  maximum  resistance 
below  the  elastic  limit  of  about  25  per  cent. 

The  resistance  of  thesa  columns  was  only  from  five  to  ten  per  cent, 
greater  than  we  would  expert  from  similar  columns  of  iron  having  an 
elastic  limit  of  30  000  pounds. 

Why  these  columns  did  not  offer  greater  resistance,  is  a  problem  that 
may  yield  no  more  satisfactory  solution  than  the  extraordinary  behavior 
of  a  material  whose  caprice  under  varying  conditions  still  baffles  the 
investigation  of  the  patient  observer. 

C.  L.  Strobel,  M.  Am.  Soc.  C.  E. — The  above  paper  is  of  some 
interest  to  me,  as  the  experiments  described  were  made  by  the  Keystone 
Bridge  Company,  whose  engineer  I  was  at  the  time. 

The  formulas  for  allowable  stresses  in  steel  compression  members 
contained  in  the  specifications  for  the  Susquehanna  River  Bridge  are 
correctly  given  by  Mr.  Dagron.  These  formulas  are  derived  by  the  sub- 
stitution of  11  000  for  8  000  i^ounds  in  the  numerator  of  the  formulas 
ordinarily  used  for  iron  compression  members.  In  making  this  sul:)sti- 
tution,  the  authors  of  the  sjiecifications  referred  to  did  not  expect,  as 
Mr.  Dagron  implies,  that  the  exi^eriments  would  show  an  ultimate 
strength  equal  to  five  times  the  allowable  stress  given  by  the  formulas. 
This  relation  does  not  exist  in  iron,  and  it  was  not  expected  in  steel. 

I  mean  to  show  that  the  tests  made  prove  that  the  allowable  stresses 
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as  used  give  an  ample  margin  for  safety,  and  that  in  the  light  of  these 
experiments  no  reduction  in  the  stresses  is  called  for. 

At  the  outset  it  must  be  conceded  that  the  results  obtained  do  not 
fit  the  Kaukine  formula,  but  the  results  of  tests  on  iron  compression 
members  for  similar  proportions  of  length  to  least  radius  of  gyration 
agree  no  better  with  this  formula. 

The  six  columns  of  same  section  tested,  varying  in  length  from  42 
to  63  radii,  have  an  average  ultimate  strength  of  40  700  pounds  i^er 
square  imh,  from  which  the  greatest  variation  of  any  one  test  is  only 
1  700  pounds,  and  this  is  for  a  column  of  medium  length.  The  two 
longest  columns  vary  only  500  and  700  f)0unds  respectively  from  this 
average,  having  an  ultimate  strength  that  much  less.  These  columns 
may,  therefore,  be  said  to  have  a  constant  ultimate  strength  for  lengths 
up  to  63  radii,  which  is  a  result  that  obtains  in  iron  also  for  columns  of 
the  same  proportions,  as  I  have  tried  to  show  on  other  occasions. 

Steel  columns  show  a  marked  peculiarity  in  their  behavior  in  the 
testing  machine  as  compared  with  iron.  When  the  stress  is  reached  at 
which  they  fail,  they  give  way  quickly  and  apparently  easily,  by  the 
bulging  and  buckling  of  the  metal  locally  at  some  point.  The  explana- 
tion of  this  would  seem  to  be  that  the  metal  flows  readily  and  freely  out 
of  the  line  of  stress  as  soon  as  the  elastic  limit  is  slightly  exceeded. 
Steel  is  a  homogeneous  metal  of  granular  structure  and  of  uniform 
strength  throughout.  When  the  pressure  has  reached  a  limit  which 
will  produce  a  permanent  change  of  form,  it  is  clear  that  its  molecules 
will  rearrange  themselves  more  easily  and  freely  than  is  the  case  in 
wrought-iron,  which  is  of  fibrous  composition  and  not  of  uniform  struc- 
ture or  strength.  The  diflference  in  the  behavior  of  the  two  metals  is 
very  apparent  to  the  eye.  Wrought-iron  yields  slowly  and  stubbornly 
to  the  increased  pressure  and  holds  its  form  longer  after  the  elastic  limit 
is  exceeded.  When  it  yields,  the  damage  to  the  metal  is  distributed 
over  a  greater  area,  or  the  member  bends  as  a  whole,  and  there  is  no 
local  failure.  In  order  to  illustrate  this  behavior  of  steel,  the  photo- 
graphs, Plate  L,  were  made.  The  small  confines  and  the  peculiar  con- 
tortions of  the  damaged  part  are  clearly  shown. 

It  would  seem,  therefore,  that  the  ultimate  strength  obtained  for  these 
compression  members  is  identical  with  their  elastic  limit.  For  the  first 
six  members  this  elastic  limit,  according  to  the  tests,  would  be  40  7C0, 
and  for  the  last  two  members  it  would  be  37  200  per  square  inch  average. 
It  is  generally  held  that  the  factor  of  safety  should  be  selected  with 
reference  to  the  elastic  limit  rather  than  the  ultimate  strength,  and  it 
will  be  admitted  that  the  strength  beyond  the  elastic  limit  is  of  less 
.value  in  compression  than  in  tension.  The  allowed  stress,  according  to 
the  specifications  for  the  steel  members  under  consideration,  would  be 
9  010  to  10  020  pounds.  The  factor  of  safety  with  reference  to  the  elas- 
tic limit,  according  to  these  experiments,  would  be  4.1  to  4.4.     This  is 
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certainly  a  very  ample  provision  for  safety,  more  tliau  would  seem  called 
for  in  a  bridge  for  which  the  factor  of  safety,  with  reference  to  the 
elastic  limit  for  iron  tension  members  provided  was,  as  usual,  about 
fljaiia  =  2.9,  and  the  factor  of  safety,  with  reference  to  the  ultimate 
strength,  ifi^H  =  4.6. 

The  conclusion  which  I  deduce  from  these  tests  is  not  that  we  are 
straining  steal  in  compression  too  high,  but  simply  that  steel  columns 
in  compression  fail  at  their  elastic  limit. 

James  G.  Dagron,  M.  Am.  Soc.  0.  E.  —  In  connection  with  Mr. 
Strobel's  conclusions  that  these  tests  show  that  steel  columns  in  com- 
pression fail  at  their  elastic  limit,  it  would  be  interesting  to  know  what 
he  means  by  their  elastic  limit.  If  the  elastic  limit  for  compression  in 
short  specimens  is  meant,  and  not  the  elastic  limit  for  transverse  stress, 
a  considerable  number  of  experiments  made  by  different  observers  on 
wrought-iron  and  steel  in  compression  have  shown  that  in  short  speci- 
mens failing  by  comi^ression,  and  not  by  bending  or  buckling,  the 
elastic  limit  is  almost  the  same  as  for  tension  ;  therefore  in  the  present 
case,  if  this  elastic  limit  is  meant,  the  columns  should  have  given  an 
ultimate  strength  of  about  50  000  pounds  per  square  inch.  If  the 
elastic  limit  of  the  column  as  a  whole  is  meant,  this  is  a  quantity  which 
practically  cannot  be  determined,  as  it  is  necessarily  made  up  of  the 
elastic  limits  of  the  diiferent  parts  of  the  column,  and  in  applying  the 
stress  during  the  test  one  of  these  parts  may  have  its  elastic  limit 
reached  before  the  other  jparts,  and  consequently  will  influence  the 
elastic  limit  of  the  whole. 

Whether  the  authors  of  the  specifications  for  the  Susquehanna  Eiver 
Bridge  expected,  or  not,  that  the  experiments  would  show  an  ultimate 
strength  equal  to  five  times  the  allowable  stress  given  by  the  formulas, 
it  is  my  recollection  that  after  these  tests  were  made,  it  was  required  by 
the  Consulting  and  Chief  Engineers  of  the  Baltimore  and  Ohio  Eail- 
road  that  the  sections  of  the  steel  compression  members  for  that  bridge 
should  be  revised,  so  that  in  no  case  would  the  allowable  stress  exceed 
8  000  pounds  per  square  inch,  and  I  believe  that  they  were  revised  by 
the  Keystone  Bridge  Company  in  accordance  with  this  requirement, 
which  is  about  one-fifth  of  the  average  ultimate  strength  developed  by 
these  experiments. 

Experiments  made  at  Watertown  Arsenal  (see  Ex.  Doc.  No.  12,  47th 
Cong.,  1st  Session)  on  8-inch  wrought-iron  compression  members  of 
about  the  same  sectional  area  as  that  of  the  8-inch  steel  columns,  which 
are  the  subject  of  this  paper,  and  with  ratios  of  lengths  to  radius  of 
gyration  varying  from  53  to  66,  gave  an  average  ultimate  strength  of 
34  400  pounds  per  square  inch,  which  is  within  15.48  per  cent,  of  the 
average  iiltimate  strength  given  by  the  8-inch  steel  columns,  and,  there- 
fore, a  somewhat  better  result  in  favor  of  the  steel  columns  than  stated 
by  Mr.  Christie  in  his  discussion. 
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LIME  SULPHITE  FIBER   MANUFACTURE  IN    THE 

UNITED  STATES. 

By  Major  O.  E.  Michaelis,  M.  Am.  Soc.  C.  E. 

AVITH 

SOME  REMARKS  ON  THE  CHEMISTRY  OF  THE 
PROCESSES. 
By  Maktin  L.  Gbitfin,  M.A. 


WITH    DISCUSSION. 

A  brief  account  of  a  comparatively  new  industry  in  this  country,  an 
industry  which  in  the  near  future  may  demand  the  time,  attention,  ap- 
plication and  talent  of  hundreds  of  young  American  engineers,  can 
hardly  fail  to  possess  some  interest  for  the  profession,  and  this  consid- 
eration must  be  my  apology  for  presenting  a  seemingly  unscientific 
paper.  It  belongs  exclusively  to  the  domain  of  industrial  engineering, 
yet  I  take  it  the  scope  of  our  Society  is  broad  enough  to  embrace  every- 
thing that  pertains  to  material  progress  and  development,  not  only  in 
engineering  science,  but  also  in  the  arts  of  manufacture. 
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An  engineer  cannot  be  a  school  product.  The  ramifications  of  the 
profession,  involving  every  application  of  scientific  truth  and  mechanical 
invention  to  "  the  uses  of  man,"  have  in  this  nineteenth  century  become 
too  numerous  to  be  even  mentioned,  far  less  studied,  in  any  possible 
technical  curriculum.  There  is  only  one  practical  school  training  for 
the  modern  engineer;  his  education  should  be  so  broad,  so  exact,  that> 
when  unexpectedly  called  upon  to  enter  upon  any  given  unanticipated 
investigation,  construction  or  manufacture,  he  can  concentrate,  crystal- 
lize and  absorb  experience  in  a  minimum  space  of  time  ;  and  in  our  very 
best  engineering  schools,  this  truth  controls,  perhaps  not  avowedly,  the 
course  of  study. 

My  object  in  broaching  this  view  is  to  encourage  our  bright  young 
graduates,  to  make  them  feel  that  even  when  foreign  methods  are  in 
question,  as  in  the  manufacture  concerning  which  I  write,  wherein 
virtually  we  are  dependent  upon  cumbersome — I  use  the  word  advisedly 
— talent,  a  very  little  study,  a  very  brief  exjDerience,  will  enable  them  to 
master  the  subject,  and  once  mastered,  "  Imjirovements  in  the  Manu- 
facture of  Sulphite  Fiber  "  will  become  a  familiar  caption  in  the  Patent 
Gazette. 

Last  fall,  some  acquaintances  of  mine,  desiring  to  obtain  information 
concerning  the  manufacture  of  wood  cellulose  by  the  bisulphite  process, 
asJied  me  to  make  an  investigation.  Accompanied  by  Mr.  M.  L.  Griffin, 
M.A.,  of  Holyoke,  Mass.,  an  expert  wood-pulp  chemist,  I  visited  Alpena 
and  Detroit,  Mich. ;  Appleton  and  Monico,  Wis. ;  Cornwall,  Ontario  ; 
Lawrence,  Mass.,  and  Birmingham,  Conn.,  at  which  places  the  various 
methods  of  making  sulphite  fiber  were  in  actual  operation. 

Everywhere  we  were  treated  with  courtesy  and  consideration,  on  oc- 
casion with  generous  candor  and  unreserved  openness  ;  indeed,  it  is  not 
likely  that  two  seekers  for  knowledge  in  this  branch  of  manufacture, 
will  ever  again  have  such  exceptional  facilities  extended  to  them. 
Eeports  were  made  by  Mr.  Griffin  and  myself,  and  the  following  is  in 
the  main  the  gist  of  what  I  reported ;  Mr.  Griffin  has  kindly  supple- 
mented this  by  some  remarks  upon  the  chemical  aspects  of  the  subject. 
As  I  have  in  view  only  the  desire  to  attract  the  attention  of  those  who 
may  so  soon  make  themselves  competent  experts,  to  this  opportunity 
for  the  remunerative  application  of  their  skill,  I  shall  not  enter  into 
much  detail,  but  merely  give  my  own  impressions  as  simply  and  as 
briefly  as  possible. 
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Sulphite  fiber,  or  pure  wood  cellulose,  supersedes  rag  stock  in  paper 
making.  The  wood,  in  chips  or  discs,  is  boiled  in  great  digesters  with 
a  solution  of  bisulphite  of  lime,  and  the  main  engineering  problem  lies 
in  the  construction  of  a  suitable,  economical  and  lasting  digester.  The 
processes  examined,  in  alphabetical  order,  were  the  Graham,  the  Mit- 
scherlich,  the  Partington,  the  Eitter-Kellner,  and  the  Schenk. 

The  investigator  is  at  once  struck  by  the  astonishing  difference  in 
size  and  boiling  pressixre  between  the  Mitscherlich  and  all  the  other  di- 
gesters ;  the  former  is  14  x  40  feet,  the  largest  of  the  latter  10  x  28  feet; 
the  steam  gauge  on  the  former  registers  40  to  45  pounds,  while  on  all 
the  others,  75  to  80  pounds.  Why  these  differences?  The  reply  to  both 
these  suggested  questions  develops  an  intrinsic  difference  of  operation 
between  the  Mitscherlich  and  all  the  other  systems.  The  boiling  point 
of  liqiiids  rises  with  the  pressure,  and  while  in  all  these  sulphite  pro- 
cesses we  have  to  do  with  a  solution  of  greater  specific  gi'avity  than 
water,  for  purposes  of  comparison  we  can  consider  the  temjaerature  of 
the  boiling  point  of  water.  According  to  Rankine,  under  a  pressure  of 
40  to  45  i)ounds  water  boils  at  267  to  275  degrees  Fahr. ;  at  75  to  80 
pounds,  at  308  to  312  degrees.  Hence  Mitscherlich  boils  at  about  40 
degrees  Fahr.  lower  temperatiire  than  the  others,  consuming,  of  course, 
more  time  for  comi^lete  conversion,  and  to  compensate,  he  boils  a  greater 
quantity. 

Professor  Mitscherlich  claims  that  the  slower  boiling  yields  a  better 
and  surer  output.  His  digester  turns  out  from  ten  to  fourteen  tons,  the 
others  from  one  and  a  half  to  three  tons,  at  a  "  boil."  He  requires  for 
cooking  from  forty -five  to  seventy -two  hours;  the  others,  from  fifteen  to 
twenty-four. 

Exteriorly  all  the  digesters  are  of  metal,  all  of  oj^en -hearth  steel  or  iron 
jslate,  excejit  the  Schenk,  which  is  of  so-called  deoxidized  bronze.  All 
are  approximately  cylindrical,  except  the  Partington,  which  is  spherical. 
The  cylinders  are  upright  in  the  Eitter-Kellner  and  Schenk  processes  ; 
in  the  Mitscherlich  and  Graham  they  are  horizontal.  The  digesters 
are  fixed,  with  the  exception  of  the  Partington  and  Graham,  which 
revolve,  the  Graham  about  its  longer  axis. 

Upon  careful  exterior  survey  of  the  digesters,  I  was  struck  by  the 
fact  that  both  the  Partington  and  Eitter-Kellner  were  tapped  at  numer- 
ous points,  and  the  holes  closed  by  scre\v  plugs.  I  learned  that  the 
purpose  of  these  vents  was  to  locate  leaks  ;  indeed,  at  Monico  these 
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lioles  were  not  closed,  and  the  sulijbite  solution  exuded  in  iierceptible 
quantity. 

Considered  merely  as  a  vessel  strong  enough  to  stand  a  given  pres- 
sure, the  only  available  substance  of  which  the  digester  can  be  made, 
looking  from  an  economical  standpoint,  is  iron  or  steel.  The  majority 
of  the  digesters  are  made  of  rolled  iron  plates  ;  the  Detroit,  of  open- 
hearth  steel.  There  is  no  reason  why  our  gun  iron,  with  a  tensile 
strength  approximating  40  000  pounds,  should  not  be  available  for 
digesters.  They  could  be  turned  out  in  sections  ready  for  assembling  ; 
the  advantages  of  such  a  substitution  for  the  complicated  rivet-work 
shell  are  evident.  At  remote  inland  points  the  large  digesters  must  be 
assembled  in  situ,  and  boilermakers  must  now  be  transported  for  the 
purpose.  A  properly  handled  wrench  would  suffice  to  set  up  the  sec- 
tional cast-iron  construction. 

A  14  X  40  feet  cast-iron  digester  has  been  designed,  with  a  factor  of 
safety  of  6,  which  will  cost  less  than  the  riveted  apparatus,  to  say 
nothing  of  the  facility  with  which  it  can  be  transported,  and  the  ease 
with  which  it  can  be  assembled  by  unskilled  labor. 

We  come  now  to  the  inside  of  the  digester.  Owing  to  the  well 
known  affinity  of  the  bisulphite  solution  for  iron,  all  digesters  made 
of  this  metal  must  be  lined  with  a  resistant,  fluid-tight  material,  as  a 
l^rotection  against  the  solvent  action  of  the  "acid"  mixture.  The 
Schenk  digester,  a  uni-metal  construction  of  deoxidized  bronze,  is 
assumed  to  be  sufficiently  resistant  to  the  solution  without  protecting 
lining.  The  Graham,  Partington  and  Kitter-Kellner  digesters  are  all 
lead-lined,  the  Mitscherlich,  fire-brick  lined.  I  use  the  word  "fire- 
brick "  for  want  of  a  better.  The  bricks  used  are  of  special  form,  and 
are  made  of  a  German  refractory  clay,  which  seems  to  me  to  be  about 
the  same  as  is  used  in  the  manufacture  of  the  Nassau  Seltzer  jugs. 

Digester  Linings. 

The  vital  point  in  thes3  suli^hite  processes  lies  in  the  ability  of  the 
digester  to  resist  the  erosive  action  of  the  acid  solution  and  its  gaseous 
products.  Lead  has  for  centuries  been  used  as  a  lining  material  in  the 
manufacture  of  sulphuric  acid,  so  that  its  application  to  the  present 
sulphite  fiber  i^rocesses  lay  near  at  hand.  It  is  used  in  the  Graham, 
Partington  and  Eitter-Kellner  digesters. 
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Lead  Lining. 

In  speaking  of  the  sulplute  process,  the  Encyclopedia  Britaunica  uses 
the  following  language  : 

"  The  pulp  or  fiber  produced  by  all  these  processes  is  of  excellent 
quality,  and  can  be  prepared  at  a  cost  greatly  lower  than  the  soda  pro- 
cess. The  strength  of  the  fiber  is  maintained  unimpaired  even  after 
bleaching,  and  white  paper  made  solely  from  such  fiber  is  in  every 
respect  superior  to  that  manufactured  solely  from  pulp  prepared  by 
boiling  with  caiistic  soda. 

' '  Dr.  Mitscherlich's  process  has  been  extensively  adopted  in  Germany, 
and  there  seems  little  doubt  that  these  processes  will  in  time  supplant 
the  use  of  soda  in  the  case  of  wood.  The  great  objection  to  them  all  is 
that,  as  they  all  depend  on  the  use  of  bisulphite,  which,  being  an  acid 
salt,  cannot  be  worked  in  an  iron  boiler,  the  boiler  must  be  lined  with 
lead,  and  great  difficulty  has  been  encountered  in  keeping  the  lead  lin- 
ing of  the  boiler  in  repair." 

The  primary,  indispensable  condition  in  protecting  iron  sulphite 
boilers  with  lead,  is  that  the  lining  must  be  continuous— that  is, 
liquid-tight. 

Now,  lead  has  a  linear  co-efficient  of  expansion  much  more  than 
double  that  of  iron  ;  in  these  processes  it  is  subject  to  a  change  of  tem- 
perature of  at  least  240  degrees  Fahr.  (300-60  degrees),  and  the  una- 
voidable resulting  flow  of  the  metal  cannot  be  compensated  for  by 
permitting  sections  to  expand  and  to  contract  freely  upon  each  other, 
for  that  would  require  open  joints,  a  violation  of  our  primary  condition. 
The  lead  lining  must  in  some  way  be  attached  to  the  iron  shell,  for 
otherwise  it  would  soon  collapse,  or  go  to  pieces  in  some  other  way. 
Only  three  practical  ways  offer  themselves  for  the  attachment  of  the 
lead  lining  to  the  iron. 

It  may  be  bolted  on  at  proper  points  ;  it  may  be,  to  borrow  a  plum- 
ber's phrase,  "tacked  on,"  at  appropriate  places,  or  it  may  be  com- 
pletely soldered  on.  The  first  two  methods  permit,  as  is  evident, 
under  variations  of  temperature,  changes  in  the  superficial  area  of  the 
lining  ;  the  latter  method  forcibly  resists  this,  and  limits  the  flow  of 
the  lead  during  the  life  of  the  solder  union  to  molecular  expression 
only. 
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Paktington. 

This  boiler,  it  will  be  remembered,  is  spherical ;  the  lead  is  applied 
in  sjjherical  lunes,  clamped  to  the  iron,  and  burned  to  each  other.  The 
theory  is  that  it  is  an  easy  matter  to  replace  an  injured  section,  and 
thus  to  keep  the  lining  intact  at  comparatively  little  cost.  At  Monico, 
the  vents  in  the  shell,  already  spoken  of  as  "leak  locators,"  were  all 
open,  and, — the  descrij)tive  aptness  of  the  words  would  be  aijpreciated 
by  any  eye  witness, — in  eruption.  Having  had  some  experience  in  lead 
burning,  I  noticed  at  Monico  extensive  preparations  for  conducting  it, 
and,  in  answer  to  my  inrxuiries  on  the  subject,  the  genial  and  callable 
superintendent  admitted  that  he  had  had  great  trouble  with  the  lining. 

Indeed,  the  visible  debris  and  the  evident  condition  of  the  boilers 
were  cogent  evidence.  It  is  needless  to  make  further  comment  ;  "  he 
who  runs,  may  read  "  is  here  applicable.  I  learn  that  since  my  visit 
these  boilers  have  been  destroyed  by  fire,  and  have  been  replaced  by 
another  construction.  At  Lawrence,  where  a  battery  of  eight  Parting- 
tons  is  in  operation,  the  digesters  were  certainly  more  presentable;  but 
there  I  observed  that  the  usual  hand  apparatus  for  lead  burning  was 
apparently  not  considered  suflBcient,  for  the  manager  had  applied  an 
installation  furnished  with  a  power  pum]),  and  a  system  of  conducting 
air  and  hydrogen  pijDes  hi  situ  at  each  boiler. 

It  is  evident  that  in  the  Partington  digester,  the  lunes  must  bulge 
from  the  iron  under  expansion,  and  must  again  be  forced  into  con- 
tiguity under  contraction  and  pressure.  Hence,  there  is  periodic 
"  flapping,"  which,  it  seems  to  me,  must  in  time  result  in  Assuring.  Of 
course,  constant  watchfulness  and  timely  burning  would  prevent 
destructive  results  upon  the  shell.  The  expense  of  this  can  only  be 
inferred  from  the  statements  made  in  regard  to  the  cost  of  the  output. 
Neither  at  Monico,  nor  at  Lawrence,  was  an  opportunity  offered  to  make 
an  interior  examination.  At  Monico,  such  examination  would  have 
been  merely  a  work  of  supererogation. 

The  BlTTER-KELIiNEK. 

The  digester,  about  10  x  28  feet,  is  built  up  of  cylindrical  sections, 
4  feet  wide,  a  few  inches  apart,  and  fastened  by  heavy  exterior  bands. 
The  object  of  this  construction  is  to  provide  the  means  for  attaching  the 
lead  lining  peculiar  to  this  process. 
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The  spaces  between  these  sections  form  annular  dovetail  mortises 
thus: 

i 


^  A. — Boiler  Shell. 

B     B.— Exterior  Bond. 
iS)  C.—A nnv.lar  Teoon  of  Lead  and  Antimony  Alloy. 


These  mortises  are  filled  with  an  alloy  of  lead  and  antimony,  and  at 
the  ends  of  a  diameter  meet  similar  vertical  tenons,  to  which  they  are 
attached.  The  lining  is  hurned  fast  to  this  semi-cylindrical  frame. 
Here,  again,  under  the  irresistible  force  of  expansion,  these  great  sheets 
of  lead,  roughly  speaking  16x4  feet,  must  theoretically,  if  the  tacking 
holds,  "pucker  up,"  and  again  be  forced  back  against  the  shell  under 
contraction  and  pressure. 

Again,  it  seems  to  me  that  this  constant  movement  to  and  fro  must, 
in  the  end,  bring  about  Assuring.  At  Cornwall  we  were  told  no  trouble 
of  this  kind  has  been  experienced,  and  the  digester  we  entered,  more 
than  half  filled  with  chips,  showed  no  evidence  of  degradation  detect- 
able in  the  very  brief  time  at  our  disposal. 

I  asked  two  bright  prominent  officials,  one  of  the  parent,  the  other 
of  the  Canadian  company,  "  What  becomes  of  the  increased  superficial 
area  due  to  the  difterence  in  the  expansion  of  the  iron  and  lead  ?  "  One 
said  he  didn't  know  and  had  no  theory  on  the  subject,  the  other  replied: 
"  This  is  no  longer  a  matter  of  theory,  it  is  an  accomplished  success." 

The  digester  is,  however,  provided  with  abundant  vents,  or  leak 
locators,  and  in  reply  to  my  question  regarding  their  practical  value, 
the  gentleman  in  charge  explained  to  me  that  by  using  a  pneumatic 
pump  the  noisy  issue  of  the  aii-  through  the  nearest  vent  located  the 
leak.  This  was  so  graphically  told,  that  I  was  at  once  convinced  the 
description  was  founded  upon  auricular  observation. 
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The  Graham. 

The  Graham  digester,  7J  x  22  feet,  is  made  of  sheets  of  boiler  plate, 
to  which  the  lead  lining  is  soldered  before  bending  and  assembling. 
The  method  of  doing  this  is  ingenious  and  simple. 

The  sheet  is  cleansed,  and  smoothed  by  a  radially  traveling  emery 
wheel;  it  is  then  firmly  fixed  for  half  its  surface  over  a  gas-jet  heater. 
The  rectangular  frame  that  holds  it  down  is  packed  with  fire-proof 
packing  where  it  rests  upon  the  plate,  thus  actually  forming  a  water- 
tight vessel,  of  which  the  iron  to  be  leaded  is  the  bottom.  The  plate  is 
copiously  doused  with  a  solution  of  chloride  of  zinc,  and  when  heated 
to  the  proper  degree  molten  lead  in  sufticient  quantity  is  poured  upon  it.. 

Although  the  promoters  of  this  process  do  not  so  call  it,  it  is,  never- 
theless, soldering,  which  is  authoritatively  defined  to  be  "the  process 
of  uniting  two  pieces  of  the  same  or  of  different  metals  by  the  interposi- 
tion of  a  metal  or  alloy,  w^hich,  by  fusion,  combines  with  each." 

Here  the  metals  to  be  united  are  lead  and  iron;  the  "metal  or  alloy  " 
is  zinc,  or  zinc  and  lead.  I  emphasize  this  simple  matter  because  it  is 
claimed  that  in  the  Graham  process  the  two  metals  are  united  by  a 
special  alloy  of  lead  and  iron. 

I  quote  from  the  company's  courteous,  well  posted  expert: 

"Our  boiler  obviates  these  defects  and  overcomes  the  difficulties  and 
repairs  and  constant  inspection  to  which  ordinary  lead  lined  boilers  are 
liable.  This  is  because  the  lead  is  united  to  the  iron  or  steel  uniformly 
by  means  of  an  alloy  at  the  point  of  junction  between  the  steel  and 
lead,  and  the  crystals  of  the  two  metals  are  intimately  mixed  at  the 
point,  so  much  so  that  it  is  impossible  with  a  cold  chisel  to  cut  the  lead 
away  from  the  iron  or  steel  without  still  leaving  a  thin  surface  of  lead. 
The  junction  alloy  of  steel  and  lead  has  also  a  greater  breaking  strain 
than  lead  itself,  it  having  been  subjected  to  breaking  tests." 

A  standard  authority  states  that  "  an  alloy  is  a  combination  by  fusion 
of  two  or  more  metals,  as  brass  and  zinc,  tin  and  lead,  silver  and  copper, 
etc."  Hence  to  speak  of  "the  junction  alloy  of  steel  and  lead"  is  in- 
con-ect,  for  in  the  coating  operation  there  is  not  even  an  approximation 
to  the  melting  point  of  ii'on. 

The  alloy  of  lead  and  iron  appears  to  be  almost  unknown  in  the  arts; 
and  that  this  so-called  "junction  alloy  of  steel  and  lead,"  or,  as  I  think, 
of  zinc  and  lead,  should  possess  a  greater  tensile  strengt.h  than  the  lead. 
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is  not  strange,  it  is  not  an  nnusiial  property  of  alloys;  thus  one  con- 
sisting of  12  parts  lead  and  1  part  zinc  lias  six  times  the  tenacity  of  lead. 

I  must  also  put  on  record  my  lack  of  faith  in  the  natural  inference- 
that  would  be  drawn  from  the  claim  that  the  two  metals  (iron  and  lead) 
are  intimately  mixed  at  this  point  (the  junction  or  cementation  surface), 
"  so  much  so  that  it  is  impossible  with  a  cold  chisel  to  cut  away  from 
the  iron  or  steel  without  still  leaving  a  thin  surface  of  lead."  Under 
favorable  circumstances  the  lead  can  be  "peeled"  from  the  iron — I 
have  done  it  myself. 

I  examined  the  Graham  process  after  the  Ritter-Kellner  at  Cornwall, 
and  it  struck  me  at  once  as  a  logical  consequence  that  if  "  tacking  "  the 
lead  on  in  places  only  gave  satisfactory  results,  then  complete  cementa- 
tion oiight  to  do  even  better.  Upon  reflecting,  however,  I  modified  this 
hasty  conclusion — for  the  governing  conditions  in  the  two  processes  are 
entirely  different.  In  the  Ritter-Kellner  the  lead  is  burned  to  the 
circular  and  vertical  tenons. 

Burning  is  defined  as  "joining  metals  by  melting  their  adjacent 
edges,  or  heating  the  adjacent  edges  and  running  into  the  interme- 
diate space  some  molten  metal  of  the  same  kind."  A  well  known  writer 
says  : 

"The  articles  burned  together  being  homogeneous,  the  parts  expand 
and  contract  evenly  by  changes  in  temperature ;  the  solders  have  a 
greater  range  of  expansion  by  given  changes  of  temperature  than  the 
metals  they  connect. 

"  The  solders  oxidize  more  or  less  frealy  thin  the  metals  they  connect, 
and  establish  galvanic  circuits  which  destroy  the  integrity  of  the  joint, 
especially  in  the  presence  of  heat,  moisture  or  acids." 

One  would  almost  suppose  the  author  had  sulphite  digesters  in 
mind. 

In  the  Ritter-Kellner  there  is  little  danger  of  the  joints  loosening. 
In  the  Graham,  under  periodic  expansion  and  contraction  and  galvanic 
action,  I  should  fear  a  sundering  between  the  lead  and  iron;  if  this  did 
take  place  the  boiler  would  very  soon  become  unserviceable.  Even 
granting  the  claim  that  the  lining  and  sheet  are  indissolubly  connected 
by  an  alloy  of  lead  and  steel,  and  that  the  "lead,  being  the  weaker  metal, 
when  fastened  homogeneously  to  the  iron  or  steel,  has  to  obey  the  ex- 
pansion and  contraction  of  the  iron  or  steel,"  there  still  remains  an  ap- 
parently  insuperable  difficulty.     The  lead  lining  is  at  least  half  an  inch 
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thick,  and  evep  supposing  that  the  cylindrical  laminte  in  homogeneous 
contact  with  the  iron  are  docile,  and  move  in  military  cadence  with 
their  inseparable  stronger  companion,  yet  the  balance  of  the  lead  must 
be  subjected  to  a  recurring  ebb  and  flow  for  which  no  compensation  ia 
25rovided.     I  quote  from  the  Graham  expert : 

"  The  explanation  of  the  iron  controlling  the  lead  expansion  is  easy  to 
understand.  Lead  is  a  very  malleable  metal,  its  crystals  fitting  loosely 
together,  i.  e. ,  there  is  comparatively  a  large  space  between  the  crystals 
as  against  other  metals,  and  if  the  crystals  of  lead  were  counted  over  22 
feet  (the  length  of  the  digester),  and  the  number  divided  into  one-third 
of  an  inch  (the  linear  expansion  of  lead  for  90  degrees  in  22  feet),  it 
v.ould  be  found  that  the  fractional  part  of  this  one-third  inch  would  be 
considerably  less  than  the  space  between  each  crystal,  and  there  is  no 
chance  of  one  crystal  pushing  another  one,  as  in  metals  where  crystals 
are  closer  together." 

On  this  theory  I  do  not  understand  why  lead  should  ex^jand  measur- 
ably under  ordinary  increase  of  temperature.  Further,  the  common 
experience  of  every  plumber  militates  against  the  correctness  of  the 
assumption. 

Lead  pipes  for  hot  water  will  "creep"  under  fluctuation  of  temper- 
ature without  perceptible  increase  of  length;  this  is  very  evident  when 
the  pipe  under  a  metallic  clamp  is  examined ;  a  burnished  band  is  seen 
l^rotruding  beyond  the  clamp.  I  have  seen  this  in  less  than  twenty-four 
hours  after  brand-new  jiipes  were  installed. 

It  is  a  well  known  fact  that  in  hotels,  for  instance,  where  a  large 
quantity  of  hot  water  is  used  in  the  morning  and  very  little  during  the 
rest  of  the  day,  the  pipes  being  thus  subjected  to  frequent  and  comi3ara- 
tively  great  changes  of  temperature,  this  very  movement  of  which  I  have 
spoken,  to  use  plumbers'  parlance,  "  kills  "  them.  That  is,  they  lose 
all  elasticity,  become  brittle  and  crack,  showing  a  crystalline  fracture. 
Now,  I  am  inclined  to  think  that  there  is  danger  of  such  a  result  with 
the  lead  lining  of  the  Graham  boiler,  even  if  the  cementation  remain 
intact.  The  lead,  under  this  constant,  enormous  molecular  stress,  will 
degrade,  become  brittle,  porous,  crack,  even  drop  off.     (See  Note  1.) 

Then  the  boiler  is  ruined,  for  the  lining,  under  such  circumstances, 
can  neither  be  repaired  nor  replaced. 

Although  I  have  not  seen  the  patents  issued  to  the  Graham  Com- 
pany, yet  I  am  of  oi^inion  that  they  can  afford  but  slight  protection. 
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The  lead  coating  of  iron  has  long  been  -well  known  in  the  arts,  as  seen 
in  terne  plates,  and  no  modern  patent  can  limit  the  amount  of  lead  that 
may  be  applied. 

Bkick  LdsIxg.— The  MrrscHERiiiCH. 

The  Mitscherlich  digester,  as  already  stated,  is  lined  with  an  acid- 
proof  brick  of  special  design,  laid  in  Portland  cement. 

Apparently  a  startling  innovation,  reflection  proves  that  this  method 
follows  out  the  direct  line  of  modern  progress.  The  manufacture  of 
that  almost  indispensable  article,  sulphuric  acid,  has  in  comparatively 
late  years  bean  greatly  improved  and  facilitated  by  the  introduction  of 
the  Gay-Lussac  and  Glover  towers,  edifices  lined,  not  with  lead,  but 
with  acid-proof  tiles  or  brick.  It  is  a  curious  coincidence,  in  this  con- 
nection, that  about  seven  years  ago  one  of  the  leading  American  sul- 
phuric acid  makers  told  me  that  he  had  found  that  Seltzer  jugs  made 
the  most  resistant  tower  linings.  The  transition  from  brick-lined 
towers  to  brick-lined  digesters  must  have  been  no  difficult  task  for  so 
able  a  scientist  as  Dr.  Mitscherlich. 

The  ability  of  fire-clay  to  withstand  enormous  stresses  is  familiar  to 
us  all.  The  Bessemer  Converter  and  the  Open -hearth  furnace  are  illus- 
trations in  point. 

The  co-eflfieient  of  expansion  of  fire-brick  is  only  about  40  per  cent, 
that  of  iron;  in  a  length  of  40  feet  for  a  change  of  180  degrees  Fahr.  a 
fire-brick  construction  would  expand  linearly  less  than  one-quarter  of  an 
inch.  Mortised  and  tenoned  together,  due  to  the  special  form  of  brick 
used,  and  laid  in  Portland  cement,  it  constitutes  a  homogeneous  mass, 
■whose  integrity  is  not  jeoparded  by  usual  flnctuations  of  temperature. 

I  have  examined,  with  the  utmost  care,  digesters  that  have  been  in 
use  for  nearly  two  years,  and  have  failed  to  discover  any  intrinsic  defect 
in  the  lining.  The  best  steam  boiler  imaginable  is  liable  to  blow  up  if 
not  handled  with  ordinary  care,  an.l  so  doubtless  must  an  average  de- 
gree of  watchfulness  be  exercised  in  the  use  of  the  Mitscherlich,  as  well 
as  of  any  other  digester.  An  absolutely  automatic  digester,  that  fills, 
cooks,  empties  and  cleans  itself,  is  still  an  undiscovered  desideratum. 
The  cement  joints  are  now  and  then  superficially  percolated  by  the  acid 
solution;  they  give  clear  warning  of  this  percolation  by  discoloration;  a 
■cold  chisel  to  cut  out  the  aftected  mortar,  and  a  trowel  to  repoint  with 
•cement,  afford  a  ready,  inexpensive,  efficacious  remedy. 
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In  one  of  the  digesters  I  noticed  a  patch  back  of  one  of  the  nj^per 
man-holes.  The  cause  of  the  corrosion  was  very  apparent,  and  its  oc- 
currence inculcated  a  valuable  lesson.  The  man-hole  is  lined  with  lead, 
this  is  "bent  under,"  flanging  well  back  of  the  intersection  of  the  man- 
hole cylinder  with  the  digester.  The  brick  lining  comes  up  to  this  well, 
and,  of  course,  has  an  open  circular  junction  line,  which  must  be  kept 
well  pointed,  as  at  present  constructed.  This  was  neglected,  the  liquid 
penetrated,  followed  the  lead,  and  ate  its  way  through  the  iron.  Such 
an  accident  can  only  occur  under  long  continued,  persistent  neglect. 

I  know  of  no  eugineeiing  objection  to  a  brick  or  tile  lining  for  a  low 
pressure  digester.  Such  constructions,  as  already  stated,  do  withstand 
extremes  of  temperature  ;  indeed,  on  the  Continent  air-tight  tile  stove& 
are  in  general  use. 

Unlined  Digesters. — The  Schenk. 

The  Schenk  digester  is  a  stationary,  upright  cylinder,  7  feet  in  diam- 
eter by  22  feet  height,  and  is  made  in  sectional  castings  of  deoxidized 
bronze  with  planed  flanges,  which  are  bolted  together  and  lead-jointed 
in  assembling.  This  alloy  the  designer  assumes  is  sufficiently  acid- 
proof  for  the  purpose,  without  the  protection  of  other  resistant  lining. 

Absolutely  homogeneous  kalchoid  alloys  are  not  of  usual  occurrence 
in  manufactures  ;  liquation,  the  presence  of  copper  oxides,  and  the  oc- 
clusion of  gas,  militate  against  the  production  of  constant  results.  I 
take  it  that  "deoxidized"  bronze  is  the  outcome  of  a  process  that 
hopes  for  uniform,  reliable  castings. 

The  value  of  phosphor-bronze  in  the  arts  is  well  established,  and  it 
is  used  in  all  the  lead-lined  digesters  for  the  steam  inlets  that  are  im- 
mersed in  the  acid  solution.  In  every  case  these  inlet  pipes  are  in  time- 
consumed. 

I  am  not  prepared  to  admit,  after  such  examination  as  I  have  been 
able  to  make,  that  deoxidized  bronze  is  superior  as  an  acid  resistant 
to  phospor-brouze.  From  the  little  that  I  have  gleaned,  it  is  claimed 
that  it  casts  more  surely  in  large  masses.  Even  from  this  standpoint,, 
aluminium-bronze  will  probably  be  found  to  be  more  reliable. 

I  mention  phosphor  and  aluminium  bronze  because  there  is  no  pat- 
ent pe^-  se  upon  the  Schenk  digester  ;  the  only  protection  claimed  lies 
in  the  fact  that  the  comiDany  enjoys  the  exclusive  right  of  making 
digesters  of  deoxidized  bronze  ;  hence,  should  any  other  copper  alloy 
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be  found  equally  available  for  the  purpose,  no  imisediment  exists  to  its 
free  use. 

It  is  acknowledged  that  the  deoxidized  bronze  is  acted  upon  by  the 
acid  solution,  and  obsarvation  confirms  this  conclusion. 

The  upper  portion  of  the  digester,  the  only  part  that  could  be  ex- 
amined on  account  of  the  chip  filling,  was  coated  with  black  oxide  of 
copper,  and  both  liquid  and  fiber  hold  it  in  solution  or  suspension. 

It  is  claimed  that  this  erosion  is  so  slight  that  the  longevity  of  the 
digester  is  not  threatened  thereby  ;  this,  of  course,  is  a  matter  of  indi- 
vidual opinion. 

The  digester  we  entered  at  Appleton  showed  extensive  and  deep 
honeycombing  in  the  throat  ;  we  were  t^ld  that  this  was  due  to  bad 
casting.  Without  this  information  I  should  have  come  to  a  very  differ- 
ent conclusion. 

As  I  understood,  one  of  the  claimed  valuable  attributes  of  deoxi-^ 
dized  bronze  is  that  it  makes  sound  castings. 

It  hardly  seems  judicious  to  use  so  unsound  a  section  in  an  entirely 
new  apparatus,  designed  as  the  foundation  of  a  great  manufacture.  The 
l^ittings  looked  to  me  like  the  usual  erosions  manifested  when  corroding- 
liquids  or  gases  move  over  bronze  surfaces. 

Owing  to  liquation,  more  soluble  alloys  occur  in  spots,  and  the  eat- 
ing-out of  these  i^roduces  the  tyiiical  pitting. 

The  base  section  of  this  digester  either  had  been,  or  was  to  be,  re- 
placed ;  the  top  section  I  would  call  in  unserviceable  condition  ;  at  both 
these  places  the  bronze  is  exposed,  in  blowing-off,  to  moving  liquid 
and  gas. 

Copper-tin  alloys  are  "kittle-cattle,"  all  authorities  agree  in  testify- 
ing to  their  sensitiveness.  (See  Note  2. )  Fluctuations  in  temperature 
aflfect  their  strength,  and  their  constant  exhibition  under  active  circum- 
stances in  the  presence  of  sulphur  compounds,  cannot  fail  to  produce 
deleterious  effects.     (See  Note  3.) 

It  certainly  is  not  customary  in  permanent  engineering  construc- 
tions, buil'  to  withstand  continuing,  constant  strains,  to  use  material 
that  is  subject  to  uncontrolled,  cumulative,  indefinite  wear  or  abrasion. 

Acid  Pkocess. 

The  manufacture  of  the  bisulphite  solution  may  be  classified  under 
three  heads  :  The  Vacuum  Process,  the  Modified  Tower  Process,  thcb 
Tower  Process. 
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I  will  dwell  but  briefly  upon  this  matter,  confining  myself  to  evident 
features  that  would  impress  the  average  intelligent  observer. 

The  vacuum  system  is  used  in  connection  with  the  Partington,  the 
Schenk  and  the  Graham  processes.  It  requires  large  exhaust  pumps,  a 
series  of  tanks  arranged  vertically  in  echelon,  a  lime  mixer,  etc., 
and  undoubtedly  yields  with  certainty  the  high  solution  required.  It 
can  unquestionably  be  used  for  all  the  processes.  The  best  plant  I  saw 
was  at  Birmingham,  coi^ied  from  the  English  Partington,  and  costing 
here  about  six  thousand  dollars  for  the  entire  installation. 

The  modified  tower  system  in  use  with  the  Ritter-Kellner  process  at 
Cornwall  is  a  sort  of  cross  between  the  Mitscherlich  tower  and  vacuum 
method.  The  solution  is  pumped  by  a  battery  of  pumps  into  a  series  of 
low  towers  under  cover,  filled  with  limestone.  It  did  not  strike  us  as 
possessing  merits  over  the  vacuum  method. 

The  Mitscherlich  tower  i^rocess  is  in  a  measure  automatic  and  is  cer- 
tainly the  most  economical. 

The  sulphurous  acid  gas  is  drawn  up  the  high  towers,  filled  with 
limestone,  by  atmospheric  draft,  and  therein  meets  water  trickling 
through  the  filling.  Its  main  disadvantage  is  the  assurance  of  projier 
draft.  It  strikes  me  that  the  application  of  a  little  American  engineer- 
ing skill  would  speedily  bring  about  reliable  and  satisfactory  results. 

The  consumption  of  sulphur  varies  from  200  pounds  per  ton  of  fiber 
in  the  Mitscherlich,  up  to  nearly  600  pounds  in  the  others.  In  none  of 
the  others  is  it  less  than  350  to  400  pounds. 

Mechanical  Pbepabation  of  the  Wood. 

All  the  processes,  except  the  Mitscherlich,  use  chips.  In  this  latter, 
discs  cut  from  the  log,  li  inches  deep,  are  used. 

Dr.  Mitscherlich  claims  that  these  discs  afford  a  stronger  fiber,  and 
that  more  bulk  can  be  put  into  the  digester,  than  if  loosely  piled  chips 
were  used.  One  great  disadvantage  connected  with  the  use  of  discs,  is 
that  even  if  the  finest  cross-cut  saws  are  used,  circular  or  band,  at  least 
ten  per  cent,  of  the  wood  is  wasted  in  sawdust.  Further,  more  time 
must  be  consumed  in  charging  the  digester.  All  this  is  a  mere  question 
of  dollars  and  cents.  There  is  no  absolute  objection  to  using  chips  in 
the  Mitscherlich  process;  wood  would  be  saved,  labor  economized,  and 
time  of  boiling  probal^ly  shortened.  But,  it  is  claimed  by  the  Professor, 
the  outj)ut  is  not  so  good.     Hence,  if  the  better  product  earns  more. 
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even  at  the  expense  of  material,  labor  and  time,  than  the  so-called  infe- 
rior, why  of  course  it  would  pay  to  follow  Mitscherlich's  recommenda- 
tions. It  would  not  be  a  very  significant  item  of  expense  to  be  prepared 
to  use  both  discs  and  chips. 

COOKIXG. 

"Cooking,"  or  the  treatment  of  the  wood  with  calcic  bisulphite  to 
obtain  cellulose,  is  fully  explained  by  Mr.  Griffin.  I  will  merely  dwell 
long  enough  upon  this  branch  of  the  subject,  therefore,  to  make  my  own 
impressions  clear. 

There  are  two  methods  pursued,  a  quick  and  a  slow  process,  ai)ply- 
ing  the  words  merely  to  time,  and  not  to  output.  The  first  process, 
which  is  not  under  patent  protection,  is  pursued  in  all  the  digesters 
except  the  Mitscherlich  ;  the  second,  covered  by  an  American  jDatent,  is 
peculiar  to  the  Mitscherlich. 

The  quick  process  requires  for  a  boil  strong  liquor,  high  pressure, 
short  time,  and  yields  a  small  product.  The  slow  process  requires  a 
weak  liquor,  low  pressure,  long  time,  but  yields  from  four  to  eight  times 
greater  a  product. 

The  MitscherUch,  aside  from  every  other  consideration,  appealed  to 
me  as  being  logical  and  precise  ;  the  other  struck  me  as  inconsequent 
and  unscientific. 

In  the  Mitscherlich  process,  the  cooking  is  done  by  indirect  heat, 
steam  pipes ;  in  the  other,  by  direct  heat,  the  condensation  of  steam. 
Hence  the  former  method  uses  a  liquor  of  uniform,  the  latter  one  of 
constantly  varying,  strength.  To  illustrate,  2  600  gallons  strong  liquor 
entered  the  Graham  digester,  a  "quick"  boiler,  2  000  gallons  of  con- 
densed steam  are  added  during  cooking. 

At  one  quick  method  plant  we  learned  that  it  was  frequently  neces- 
sary to  add  strong  sulphite  solution  while  the  boiling  was  actually 
going  on. 

If  warm  baths  were  prescribed  for  a  patient,  I  imagine  he  would 
protest  vigorously  against  being  immersed  in  boiling  water,  even  if 
assured  that  the  cold  water  had  been  turned  on.  The  application  is 
readily  seen. 

The  quick  process,  as  we  gleaned  from  inquiries  at  the  various  plants 
where  it  is  carried  on,  requires  from  fifteen  to  twenty -four  hours  for 
boiling ;  the  Mitscherlich,  as  shown    by  the  Alpena  experience,    from 
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forty -five  to  seventy-two  hours.  It  will  thus  be  observed  that  the  range 
of  variation,  60  per  cent.,  is  precisely  the  same  for  both  processes.  It 
was  noticeable  that  in  certain  cases,  the  best  possible  conditions  of 
time,  temperature,  etc.,  of  the  quick  process  were  comj)ared  with  the 
most  unfavorable  showing  of  the  slow. 

This  matter  of  time  is  apt  to  be  misleading.  The  best  claimed  show- 
ing was  made  by  the  Graham  expert,  nine  complete  "turns "  per  week, 
or  a  single  turn  in  about  eighteen  hpurs,  producing  1^  tons  of  fiber. 

The  best  figures  for  the  Mitscherlich  are  a  complete  turn  in  seventy- 
two  hours,  producing  nearly  10  tons  of  fiber,  four  times  as  long,  with 
over  six  times  the  output. 

In  the  Mitscherlich  procedure,  one  operation  impressed  me  as  gro- 
tesquely un-American.  The  cooked  fiber  is  washed  for  ten  hours  in  the 
digester.  This  great  money-coining  apparatus  is  compelled,  for  over 
one-tenth  of  its  time-capacity,  to  function  as  an  ordinary  washing 
engine.  This  is  simijly  an  accidental  part,  in  my  judgment  an  evidence 
of  bad  business  management;  yet  the  opponents  are  not  slow  in  arguing, 
from  the  condition  imposed  by  this  ill-judged  operation,  against  the 
whole  method. 

As  cold  water  is  used  in  this  washing,  they  claim  that  the  tempera- 
ture of  the  Mitscherlich  digester  fluctuates  from  40  to  270  degrees 
Fahr.,  a  range  of  230  degrees,  while  in  their  process  the  temperature 
never  falls  below  150  degrees,  thus  giving  a  range  of  only  150  degrees. 

This  objection  is  met  by  an  obvious  practical  remedy,  saving  time, 
and  consequently  money — the  introduction  of  separate  washing  en- 
gines. 

In  confirmation  of  Dr.  Mitscherlich's  claim  that  slow  boiling  aflfords 
a  better  fiber,  I  have  been  told  by  an  experienced  soda  pulp  manufac- 
turer that  it  was  a  well-known  fact  that  in  this  latter  process  slow  boil- 
ing yielded  a  better  output. 

It  is  singular  that  while  the  sulphite  process  was  the  invention  of  an 
American,  Germany  made  it  a  practical  success.  We  are  now  begin- 
ning to  take  hold  of  this  American  idea,  but  burdened  with  German 
methods,  and  incrusted  with  Teutonic  barnacles. 

The  most  complete  quick  process  i^lant  I  saw  was  at  Cornwall ;  here 
everything,  including  even  the  assembled  digesters  and  the  gauges  re- 
cording pressures  in  atmospheres,  was  imported.  The  superintendent 
told  me  that  he  thought  the  best  course  had  been  pursued,  that  they 
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had  tlie  necessary  experience  abroad,  and  so  on,  and  yet  I  noticed  he 
was  modifying  his  apparatus  about  as  rapidly  as  he  could. 

The  German  adjuncts  and  methods  at  Alpena  had  to  be  entirely 
thrown  aside,  and  apparatus  and  operations  develoi^ed  in  our  own  paper- 
making  industry  have  bean  introduced.  There  is  a  reason  for  all  this; 
in  Germany  labor  is  phlegmatic,  inexpensive.  I  have  been  told  that 
women  sort  and  inspect  chips  for  twelve  and  a  half  cents  per  day,  and 
of  course  they  have  none  but  wooden  ideas.  As  a  consequence,  the  Ger- 
man manufacturer,  absorbing  the  phlegm  of  his  employees,  has  both 
perseverance  and  patience. 

We  ai'e  quick-witted,  we  have  abundance  of  perseverance  in  attain- 
ing our  ends,  but  precious  little  patience  in  waiting  for  results.  To  this 
I  ascribe,  in  a  measure,  the  allurement  which  the  quick  process  has  for 
us.  We  hug  the  delusion  to  our  hearts  that  we  can  produce  ten  tons 
just  as  quickly  as  one  and  a  half,  and  mentally  eliminate  all  intervening 
insurmountable  difficulties. 

The  most  German  of  all  the  processes  is  the  Mitscherlieh,  yet  I 
firmly  believe  that  with  American  business  management  and  American 
engineering  skill,  it  can  be  rehabilitated  as  a  genuine  American 
method. 

It  is  idle  to  catalogue  the  ponderous,  painful  steps  that  still  charac- 
terize it;  there  is  not  one  that  could  not  be  practically  improved.  The 
discs,  for  instance,  are  really  fed,  jaiece  by  piece,  into  the  digester;  they 
should  be  automatically  shoveled  in  by  the  cart-load. 

Astonishing  as  it  may  seem,  the  German  engineers  turned  over  the 
first  completed  plant  and  acquiesced  in  its  being  run  by  an  energetic 
American,  utterly  without  exijerience,  who  at  the  same  time  superin- 
tended two  saw-mills  producing  annually  some  forty  million  feet!  It 
recalls  poor  Colonel  Sellers'  "little  side  speculations." 

To  attain  the  best  results,  the  head  of  the  plant  should  be  a  sterling 
business  man,  interested  i^ecuniarily  in  its  success,  aided  by  competent 
assistants  in  the  technical,  chemical  and  engineering  departments. 


Note  1. — It  may  be  of  interest  briefly  to  investigate  the  stress  to 
which  the  lead  coating  in  the  Graham  digester  is  subjected  by  change  of 
temperature. 

The  linear  co-efficient  of  expansion  of  lead  is. . .  .0.0000158 
Its  modulus  of  elasticitv 720  000 
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A  range  of  200  degrees  is  a  very  moderate  assumption  for  this  pro- 
cess, for  it  boils  at  over  300  degrees. 

We  have,  then,  the  stress  i?=  .0000158  X  720  000  x  200 

=-  2  275  pounds. 

The  elastic  limit  of  lead  is  given  by  Trautwiue  as  1  100  ;  we  see, 
therefore,  that,  even  after  making  due  allowance  for  the  expansion  of 
the  iron  shell,  the  fixed  lead  is  strained  beyond  its  elastic  limit.  Every 
phamber,  from  his  own  experience,  can  tell  what  will  result. 

Note  2. — Mr.  Griffin's  analysis  of  the  Schenk  boiler  metal  gives: 

Copper 91.28 

Tin 7 .  68 

Zinc 0.89 

In  1877  the  British  Admiralty  determined  the  effect  of  heat  uj)on  the 
kalchoid  aUoys  of  copper  (see  Engineering,  October  5th,  1877). 

"The  metal  was  cast  in  the  form  of  rods  one  inch  in  diameter,  and 
composed  of  five  different  alloys  as  follows : 

•jt*****         ******* 

"No,  2. — Copper,  91;  Tin,  7;  Zinc,  2.  (The  nearest  approach  to 
the  Schenk  mixture. ) 


"The  specimens  were  heated  in  an  oil  bath  near  the  testing  machine^ 
and  the  operation  of  fixing  and  breaking  was  rapidly  and  carefully  per- 
formed, so  as  to  prevent,  as  far  as  possible,  loss  of  heat  by  radiation. 
At  100  degrees  Fahrenheit  the  strength  and  ductility  of  the  above  test 
piece  was  525  pounds  and  15.5  per  cent.  At  300  degrees  Fahrenheit 
the  strength  was  265  pounds,  the  ductility  nil." 

I  cite  this  as  confirmatory  of  my  statement  regarding  the  sensitive- 
ness of  these  alloys. 

Note  3.— "It  is  but  fair  to  add  here  that  Professor  Langley  has 
observed  that  acids  and  the  fumes  of  his  laboratory  will  change  the  very 
structure  of  metals.  He  had  in  his  laboratory  a  frame  of  the  following 
form: 
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"The  wires  tv,  of  copper,  brass  and  German  silver,  were  run  through 
the  crossbars  a,  which  were  of  wood,  about  2  inches  wide.  After  three 
years  he  noticed  the  wires  breaking,  and  upon  examination  he  found 
them  to  be  coarsely  crystalline,  brittle — in  fact,  rotten,  and  entirely 
changed  in  stracture.  He  found  also  that  the  parts  that  were  in  the 
wood,  and  so  protected  from  the  fames,  were  soft,  ductile,  and  entirely 
unaffected.  All  of  the  exjiosed  wires  were  affected  similarly,  and  all 
the  protected  parts  were  equally  unaffected,  except  the  copper  wire, 
which  was  stiffened,  but  not  materially  changed  in  structure."* 


SOME  KEMARKS  ON  THE   CHEMISTRY  OF  THE  PROCESSES 
OF  LIME  SULPHITE  FIBER  MANUFACTURE. 


By  Maktin  L.  GBrFFEs',  M.A. 


I  propose  in  this  jjaijer  to  give  an  outline  simply  of  the  chemistry  of 
the  sulphite  fiber  industry.  This  will  be  concerned  only  with  the 
material  for  digesters,  the  bisulphite  solution  and  the  fiber. 

By  suli^hite  fiber  is  meant,  fiber  manufactured  from  wood  for  i^aper 
making  by  the  use  of  a  solution  of  bisulphite  of  lime  or  magnesia.  As 
you  are  doubtless  aware,  the  chief  difficulty  to  be  overcome  in  this  pro- 
cess is  the  securing  of  a  digester  which  will  stand  the  action  of  the  acid 
solution  used  to  reduce  the  wood  to  fiber.  I  will  first  explain  the  com- 
position and  nature  of  this  acid  liquid.  Sulphurous  acid  gives  two 
classes  of  salts,  like  carbonic,  the  bisulphite  and  the  neutral  or  normal 
sulphite.  The  normal  sulphite  of  calcium  has  this  formula  GaSO-s, 
while  the  bisulphite  requires  two  molecules  of  the  acid  radical  giving 
twice  as  much  suljihur  and  expresses  thus: 

^>'S'  =  0., 

^S  =  O2 

The  former  is  only  soluble  in  800  j^arts  of  water,  though  freelj'  soluble 
in  aqueous  suliahurous    acid,  thereby  becoming  the  bisulphites.     To 

*  steel:  its  Properties;  its  Use  in  Structures  and  in  Heavy  Guns.  Wiiliam  Metcalf,  M.  Am. 
Soc.  C.  E.,  Trans.  Am.  Soc.  C.  E.,  Vol.  XYI,  p.  291,  June,  1887. 
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obtain  the  solution  desired  for  the  mxnufacture  of  sulphite  fiber  we 
should  require  for  each  part  of  calcium  (the  ratio  of  calcium  to  its 
oxide,  lime,  being  as  5  to  7)  3.2  parts  of  sulphurous  acid  gas  or  1,6  parts 
of  sulphur. 

This  acid  solution  is  mad3  in  two  principal  ways  and  in  all  cases 
the  sulphurous  gas  is  produced  from  burning  sulphur  in  retorts  to 
which  only  a  limited  supply  of  air  is  admitted.  The  gases  are  either 
received  into  tall  towers,  as  in  the  Mitscherlich  system,  where  it  is 
absorbed  by  porous  limestone  over  which  water  trickles  downward, 
meeting  the  ascending  gases;  or  it  is  absorbed  directly  into  a  solution  of 
milk  of  lime  by  the  aid  of  a- vacuum  pumj).  This  is  known  as  the 
vacuum  system.  In  the  former  case  the  sulphurous  gas  displaces  the 
carbonic,  thus:  Ca  CO-i  +  SO 2  =  Ga  SO 3  +  €0-2,  and  we  have  the  bi- 
sulphite solution  flowing  off.  In  the  latter  there  is  no  gas  to  be  dis- 
placed, the  reaction  being  Ga  [0  H)2  +  SO.  =  Ga  SO-,  -f  H2O.  By 
this  process  a  solution  of  any  desired  strength  can  be  made. 

It  may  seem  to  be  a  very  simple  operation  to  burn  sulphur  to  sul- 
phurous oxide;  but  in  reality  great  care  is  required,  since  by  the 
admission  of  too  much  air  to  the  retorts  sulphuric  oxide  may  be 
formed.  This  uniting  with  the  lime  forms  insoluble  sulphate  of  lime, 
which  in  the  Mitscherlich  towers  would  form  a  coating  over  the  lime- 
stone and  cause  a  variety  of  troubles.  In  the  vacuum  system  it  would 
form  an  inert  deposit,  causing  a  waste  of  lime  and  sulphur. 

An  excess  of  air  will  cause  the  sulphur  to  burn  more  rapidly,  thus 
developing  too  much  heat,  which  facilitates  the  formation  of  first  lower, 
then  higher,  polythionic  acids,  then  sublimed  sulphur.  These  acids  are 
all  sulpho -acids  having  an  increasing  proportion  of  sulphur.  They  not 
only  cause  a  waste  of  material,  but  exert  injurious  effects  upon  the 
quality  of  the  fiber.  They  also  cause  a  fictitious  strength  of  the  liquor 
which  cannot  be  detected  by  the  ordinary  workman. 

When  we  reflect  what  a  peculiar  substance  sulphur  is,  and  how  easily 
its  chemical  and  physical  properties  are  changed,  we  cannot  wonder  that 
it  should  cause  difficulties  in  any  process  in  which  it  is  used.  At  the 
ordinary  temperature  sulphur  is  a  light  colored  brittle  solid;  at  115 
degrees  C.  it  melts  to  a  thin  amber  liquid;  heated  to  250  degrees 
it  becomes  dark  colored  and  thick;  at  450  degrees  it  boils  and  passes 
off  as  a  dark  colored  vapor.  These  changes  in  its  state  of  aggregation 
are  due  to    changes  in  the   molecule,   which   varies  in  the   number 
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of  atoms  it  contains  according  to  the  temperature.  At  1000  degrees 
and  above  it  consists  of  two  atoms,  at  500  degrees  it  consists  of  six 
atoms,  and  at  lower  temperatures  it  probably  contains  a  still  greater 
number.  This  peculiarity  makes  possible  a  great  variety  of  sulpho- 
acids  and  salts.  Sulphur  is  one  of  the  most  useful,  powerful  and 
peculiar  elements  with  which  chemistry  deals.  Its  gases  are  pungent 
and  penetrating,  and  its  acids  the  most  powerful  and  corrosive,  forming 
a  most  stable  class  of  salts.  A  very  small  fraction  of  one  per  cent,  in 
metals  renders  them  useless  and  it  exerts  injurious  eflects  even  in  the 
smallest  proportions. 

Is  it  any  wonder,  then,  that  we  should  meet  with  difficulties  in  finding 
a  material  for  sulphite  digesters  ?  Practically  there  is  only  one  metal 
yet  discovered  which  withstands  the  action  of  suljiho-acids  fairly  Avell; 
it  is  lead.  A  substance  very  rich  in  silica  is  the  only  mineral.  These 
two  kinds  of  material  are  all  that  have  accomplished  much  so  far  in  the 
construction  of  sulphite  digesters.  There  are,  however,  digesters  of 
bronze  in  operation  for  which  success  is  claimed.  I  will  now  briefly 
describe  those  which  are  doing  a  representative  business. 

The  Mitscherlich  is  14  feet  in  diameter  and  40  feet  long,  holding 
about  twenty -five  cords  of  wood  when  cut  up  into  discs  1 J  inches  thick 
and  j)roduces  at  each  "turn"  12^  tons  of  dry  fiber.  It  is  composed 
of  a  wrought-iron  or  steel  shell  |  inch  thick,  which  is  first  coated 
with  pitch  or  tar  within.  Upon  this  is  laid  a  continuous  layer  of 
very  thin  sheet  lead;  next  comes  a  course  of  bricks  specially  made  for 
this  jjurpose,  each  having  a  tongue  and  groove,  which  are  laid  flatwise 
in  the  best  Portland  cement.  Upon  these  is  laid  another  course  of 
bricks  edgewise,  having  their  tongues  and  grooves  arranged  accordingly. 
Each  digester  is  stationary  and  placed  horizontal. 

The  Schenk,  a  bronze  digester,  has  the  following  composition: 

Per  Gent. 

Tin 7.68 

Copper 91.28 

Zinc 0.89 

The  specific  gravity  of  a  small  casting  was  8.5579 ;  the  computed 
gravity  is  8.76.  The  specific  gravity  of  copper  is  8.94.  These  figures 
will  indicate  the  difficulty  in  making  perfect  castings  of  copi^er  alloys 
free  from  combined  and  occluded  oxygen.  Hence  it  follows  that  the 
larger  or  more  numerous  the  molecular  interstices,  the  more  surface  is 
exj)osed  and  the  more  permeable  is  the  metal  by  gases,  and  so  more 
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affected.  All  metals  are  susceptible  to  this  influence  to  a  greater  or  lesn 
extent.  A  very  marked  illustration  of  the  absorption  of  gas  by  a  metal 
is  observed  in  the  case  of  palladium,  which  absorbs  376  volumes  of 
hydrogen  at  the  ordinary  temperatiire. 

According,  therefore,  to  the  nature  of  the  gas,  the  metal  and  the 
temperature,  Avill  various  results  bo  observed.  I  am  personally  cog- 
nizant of  a  case  where  lead,  under  the  influence  of  siilphurous  acid  gas, 
has  been  changed  to  a  salt  of  this  acid.  Similar  instances  are  recorded 
of  copper  and  other  metals.  Copper  when  plunged  into  molten  sulphur 
is  immediately  changed  to  the  sulphide  of  the  metal. 

At  the  present  time  we  see  several  manufacturers  of  bronzes  claiming 
that  they  have  an  acid-proof  alloy,  but  no  reputable  chemist  can  enter- 
tain such  an  idea  for  a  moment.  Neither  is  any  copper  alloy  proof 
against  the  action  of  sulphurous  and  sulphuric  acids  in  any  proportions. 
The  effect  of  these  acids  on  digesters  of  copper  alloys  is,  first,  to  dis- 
solve a  little  from  the  surface,  which  is  immediately  reduced  to  the  oxide 
and  sulphide  of  the  metal  by  the  reducing  power  of  the  organic  matter 
dissolving  from  the  wood.  This  soon  forms  a  black  coating  on  the 
interior,  which  is  continually  crumbling  off  by  the  expansion  and  con- 
traction of  the  metal,  thereby  contaminating  the  fiber  with  black  specks. 
As  regards  the  life  of  such  digesters,  it  is  simply  a  question  of  the 
rapidity  of  the  action  of  the  chemicals  and  the  thickness  of  the  metal. 
It  is  not  improbable,  also,  that  the  scale  affords  some  slight  protection 
to  the  metal. 

We  have  now  left  for  our  consideration  digesters  lead  lined  in  dif- 
ferent ways  and  of  different  shapes. 

The  Ritter-Kellner  digester  is  vertical  and  stationary,  about  10  feet 
in  diameter  and  28  feet  high,  made  of  wrought-iron  or  steel,  1  inch  thick. 
The  interior  is  lined  with  sheet  lead  half  an  inch  thick.  This  is  attached 
to  horizontal  and  vertical  tenons  of  lead  and  antimony  dovetailed  into 
the  seams.  This  gives  an  opportunity  for  expansion  of  the  lining  in 
sections.  The  ratio  of  the  expansion  of  iron  to  lead  is  a  little  less  than 
1  to  3.  As  the  digester  is  repeatedly  heated  and  cooled,  there 
must  be  a  recurring  movement  back  and  forth  from  the  shell,  or 
else  the  lining  must  "buckle."  This  movement,  in  time,  is  sufficient 
to  produce  cracks,  which  then  must  be  repaired.  This  coincides  with 
experience. 

The  Partington  digester  is  spherical  and  rotates  upon  an  axis.     It  is 
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bailt  of  iron  or  steel,  and  the  lining  of  lead  is  attached  in  lunes  by  the 
use  of  leaden  headed  bolts  and  clamps.  This  form  of  attachment  has 
caused  more  trouble  than  the  others,  as  the  bolts  and  clamps  have 
offered  greater  inducements  for  the  liquor  to  penetrate  to  the  shell,  thus 
requiring  more  time  for  repairs  by  their  frequency,  and  the  extra 
exposure  of  the  shell  to  injury. 

The  remaining  digester  to  be  described  is  the  Graham.  It  may  be 
built  of  any  shajje  or  size,  stationary  or  rotary.  The  chief  difference 
worthy  of  notice  is  in  the  attachment  of  the  lining.  lu  plain  language, 
the  lead  is  soldered  to  the  iron  or  steel  sheets  by  the  aid  of  chloride  of 
zinc.  They  are  then  rolled  cold  and  assembled.  The  seams  are  polished 
and  filled  in  with  lead  by  means  of  an  autogenic  apparatus. 

The  cellulose  prepared  by  all  the  acid  processes  contains  a  consider- 
able quantity  of  incrustating  matter  and  lime  salts,  and  hence  is  harsh  and 
brittle.  "When  a  magneaian  base  is  used  it  is  claimed  that  a  softer  fiber 
is  produced;  personally  I  cannot  see  much  difference.  When  the  pulp 
is  first  removed  from  the  digesters  it  is  beautifully  transparent,  owing 
largely  to  the  powerful  bleaching  effect  of  the  sulphurous  gas  which  acts 
as  a  deoxidizing  agent.  Papers  made  for  service  for  any  length  of 
time  should  be  reoxidized  and  bleached  with  hypochlorite  of  calcium. 
If  this  is  not  done,  the  paper  soon  assumes  a  yellow  color  from  exposure 
to  light  and  air. 

The  conclusions,  therefore,  which  we  draw  are  :  That  from  a  scien- 
tific standpoint  only  two  kinds  of  material  are  admissible  for  sulphite 
digesters.  Each  must  be  supported  by  means  of  an  iron  shell.  In  the 
one  case  the  lead  lining  expands  much  more  than  its  stronger  companion, 
is  therefore  subject  to  a  great  stress,  which  in  time  will  produce  fissures 
and  crystallization,  and  is  permeable  by  the  sulphurous  gas,  which  has 
a  tendency  in  addition  to  produce  hardness  and  brittleness.  In  the 
other  case  the  brick  or  tUe  lining  expands  much  less  than  the  iron  shell, 
and  so  this  is  liable  also  to  crack  if  a  temperature  above  118  degrees  C 
is  reached. 

A  plant  under  either  of  these  systems  may  be  successful  by  good 
management,  nevertheless,  without  which  no  enterprise  can  succeed. 
Sulphite  fiber  fills  a  much  needed  place  in  the  manufacture  of  paper 
and  is  and  will  continue  to  be  profitably  made. 
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DISCUSSION. 

F  CoLMNGwooD,  M.  Am.  Soc.  C.  E.-The  remarks  of  Major  Mi- 
chaehs  about  jom.ng  of  metals  recalls  to  my  mind  an  experience  at  one 
of  the  American  Institute  fairs.  A  substance  called  tbe"  Cherry  heaJ 
Welding  Compound"  was  brought  for  examination  before  a  commee 
of  which  I  ^.^s  a  member.  It  was  claimed  for  it  that  it  produced  an 
absolute  weld  of  steel  as  strong  as  could  be  produced  by  the  ordTnary 
methods,  and  at  so  low  a  temperature  as  to  remove  all  danger  of  in"  y 

1  asked  what  the  fragments  were,  and  was  told  they  were  iron       . 

To  the  question  whether  the  introduction  of  iron  between  steel  sur- 
faces could  possibly  make  a  union  equal  to  the  steel  in  strength  the 
reply  was  that  it  certainly  did.  ""ifugin,  tne 

I  then  proposed  a  tek.  I  was  to  obtain  a  weld  of  two  pieces  of 
s  eel  b  the  old  method,  and  the  inventor  was  to  furnish  one  made  bv 
his  method  from  the  same  bar,  this  being  a  fine  tool  steel 

Thnr^^t'T^'^'T"  i^'^  '"'"'^^  ^"^^  *"  P^°P^^*  «^^«  for  test  in  a 
Ihurstons  torsional  machine,  which  was  conveniently  at  hand 

The  old  style  of  weld  broke  at  the  full  strengh  of  the  steel  directly 
across  the  weld,  through  the  solid  bar;  while  that  bv  the  new  proce  s 
separated  along  the  welded  surfaces,  and  at  about  the  strength  of  fS 
wrough   iron.     The  so-called  weld  was  really  a  soldering  with  iron 

AH  the  experience  I  have  had  with   soldering  bears  out    Major 
Michaeli.'  sta  ements;  there  is  no  mystery  about  it,  no  fusion  or  inter 
pene  ration  of  the  parts  joined.     The  solder  is  an  alloy  of  some  k^d 
whci,  ineltsatalower  temperature  than  the  metal  soldered,  and  the 

fstTiT.^nr  ^''  '^'  ^°''  ^"*''^^*^  '^'  "°i^^'  ^-d  '^^  stronger 
IS  the  joint.  When  the  parts  joined  are  both  heated  to  the  melting  point 
of  the  solder,  the  latter  flows,  and  not  before. 
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